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Foreword _:::
T

This report describes the specification, design, and testing a digital flight »
control system (DFCS) software that has been prepared under an FAA-sponsored A
program entitled "Methods for the Verification and Validation of Digital : I
Flight Control Systems," as Subtask 4.5.2.1 of Contract NAS2-11853, R;=
Modification 1. The 1intent has been to conduct an N-version programming Q?
demonstration illustrative of DFCS software fault tolerance for a quadruplex h.|
architecture. Accordingly, four independently developed versions of A
applications software were coded and demonstrated 1iIin respective DFCS 51”
channels. .t
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Considerable background information 1is presented, largely of a system or

v

software design nature. First, higher level software encompassing the N- ::Qa
version software is described, including a multitasking test harness and the sy
I foreground executive programs for the four DFCS channels. Coded in Ada R l:
: the interfaces for this software were set up for the insertion of the N- 7
b version applications modules and the associated software voters. These NG
: applications modules were then developed in accord with the respective DFCS Tee
program unit specifications. s
N
! This report has also been published as Lockheed-Georgia Company Engineering »
P Report LG86ER0163. AN
V.9
b
g '_-_:
: 2
{ R Registered Trademark, U.S. Government Ada Joint Program Office :;?
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1.0 I. TRODUCTION

A set of software program unit specifications was generated via the process
depicted in Figure 1 for use in an exploratory investigation of software
fault tolerance using the N-version programming approach. The resultantly
developed software is representative of a scaled-down flight control system
(see Section 2.0) with a critical pitch-axis fly-by-wire (FBW) function.
Accordingly, a double fail-operational, quadruplex system architecture was
postulated to furnish requisite system reliability. Each of the four DFCS
channels, moreover, incorporated a different version of applications software
as independently developed by a different programmer.

The overall DFCS software structure, or the multirate executive program and
its called procedure interfaces, however, was essentially the same in each
channel per Section 4.0. Each DFCS executive contains calls to N-version
program units, which in turn wusually include calls to voters for cross-
checking the intermediate computations of all the channels. Central to the
N-version demonstration, these program units were developed using the Ada
programming language in accordance with a set of applications software module
specifications, which are presented in Sections 5.0 through 13.0.

Each of the program units was constructed so that it could be run in a single
channel test harness on a stand-alone basis for unit testing and de-bugging,
or as part of the total program for integrated 4-version testing. The latter
entails the voting of the four versions of the DFCS software running
effectively in parallel on a single VAX 8650 for the N-version software
demonstration and evaluation. Hence, a non-realime multitasking test
executive program with suitable integral test drivers was devised (see
Section 14.0) to enable convenient software integration and valid N-version
evaluation testing.

Figure 2 summarizes the organization of the multitasking test harness, where
Ada tasks are denoted by the parallelogram shaped boxes. Task TEST_EXEC
performs or directs all of the automated test functions, such as input test
data application and results processing. The software for each of the four
DFCS channels runs within an associated DFCS_EXEC task, which are coordinated
such that synchronization occurs at each software voting plane. If a channel
output is outside of permissible 1limits, it 1is assigned the voter selected
value so that the erroneous state is not propagated. Note that the DFCS_EXEC
tasks replace the top-level flight software. which 1is not germane to the
problem at hand, so that the four DFCS channels can run logicallyv in
parallel.

1.1 Software Fault Tolerance

Concern over the potential for generic or common-mode software faults in
critical systems has prompted rather widespread interest within the aerospace
industry in software fault tolerance. While the enabling technology appears
to be in place, it remains to demonstrate and assess all aspects of fault-
tolerant software for critical DFCS applications. Various attributes of DFCS
software, moreover, present some challenging demands. Temporal constraints,
such as difference equation iteration rates or maximum fault
detection/recovery times, are of particular concern.
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The two primary approaches to fault tolerance, N-version software and v
recovery blocks (Ref. 1), are depicted 1in Figure 3. Both involve dissimilar A
versions of software performing the same function(s). In the case of N-
version software, the versions must be developed independently. They run ':,
logically in parallel, and the version outputs are submitted to a AY
voter/comparator for selection of the proper result. Recovery block ~:
alternates run logically in a sequence, which needs to be invoked onlv to the -
extent that alternate versions fail their acceptance test. DNormally. some ",
level of degradatinn in performance 1is accepted with among successive
Alternates to ensure continuing operation. i(
Of these two approaches, N-version holds strong appeal for most tvpes of DFCS o
software. The aforementioned time constraints are a dominant factor in such a t{'
preference. Hence, the DFCS application program modules wunder this .
investigation, were implemented using the N-version method . As suggested in )
Figure 3, the voter/comparator is a potential single point of failure in the -
N-version approach. As a consequence, dissimilar voters are sometimes used :ﬁ
to obviate this prospect, but the compounding of complexity is appreciable, "
so only single voters were used in this investigation f;
"
As with all software fault tolerance development efforts, strong emphasis was e
placed on establishing definitive, high quality software specifications
(e.g., see Ref.2). Completeness, accuracy, and lack of ambiguity are in fi'
general essential to the realization of fault-tolerant software, so the -
- ' prospects for demonstrating and evaluating N-version software are cruciallv ot
dependent on the software specifications. For example, aspects such as o
maximum time allowances for voted code segments, as well as specific modes .
and responses for voting, must be completely and precisely stipulated. .
Despite all initial efforts, some deficiencies existed in the specifications.
Their rectification was rather time-consuming, but the variety of questions
raised by different programmers did force corrections to the specifications
that might otherwise might not have been so thorough. Simlarly, software de- J
bugging was facilitated by the the N-version approach. Overall, software '
fault tolerance has some drawbacks, inherent or potential, as summarized in A
Figure 4. 5Still, the net benefits appear worth pursuing. By
“
1.2 Demonstration Guidelines
[ ¥
The DFCS demonstration software was coded using DEC's Ada compiler for the .
VAX VMS operating system at the Lockheed-Georgia Company. The DFCS software .
and the descriptions in this memorandum are intended to be essentiallv in i{
accord with DO0O-178A, 1i.e., the documentation 1is to be illus:trative of Ny
compliance without necessarily being exhaustive. Configuration control, f?
errar logging, and delineation of software development phases are to be W
observed in an orderly manner that supports and enhances the value of the
results of the investigation. s
-'&
The following assumptions were adopted at the outset to expedite but in no :f:
way compromise, the conduct of the investigation: Q:
N
o No Flight Control Computer Operating System -
o No Bus Management Software Functions >,
o No Hardware-Related Instructions o
S
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o Limited Pitch Axis Functions Only
o No Fixed Point arithmentic, and Hence No Variable Scaling.

After program unit testing and de-bugging, several stages of testing were
conducted: integration and demonstration testing. Due to specification
discrepancies detected during coding, the specification parts of this
document were revised before consistency among versions was established.
Most of these discrepancies were incompletely or incorrectly specified logic.

1.3 Ada Programming language

There are strong indications that the Ada programming language (Ref. 3) will
experience widespread usage in civil aviation in the near term. This would
be based primarily on the merits of the language itself, rather than on the
U.S. Department of Defense's influence. Despite its drawbacks, the Ada
programming language has no viable competition now for use in digital flight
system applications. Of course, the language is still developmental with
regard to support of flightworthy computers, but the associated problems
should be correctable with adequate funding from military programs. Two
particularly significant problems associated with Ada are the overhead of
tasking and machine language code 1insertions. Neither factor was applicable
to the problem addressed here. Tasking was used for simulation purposes, but
not for DFCS software per se.

Here the use of Ada facilitated the conduct of the N-version software
demonstration by enabling explicit definition of program units specification
parts, precise definition of their software interfaces, the construction of
the multitasking test harness, and non-interference observation of test
results through Ada package importation by test units.

Specification benefits naturally derive from the two-part composition of Ada
program units, which involve a specification part and a corresponding body
~art. The intent here 1is to wuse Ada packages and procedure specification
parts to define the fault-tolerant software modules. Each specification part
defines a particular interface and its available services, and is refective
of and consistent with the overall design of the program. Hence, this
document includes Ada specification parts as the precise. lower-level
portions of the respective module specifications. The N-version programmers
used them to implement the DFCS functions and services in the associated bodv
parts in the form of executable Ada code.

Although the imposition of a well-defined program design tends to eliminate
many types of software faults, those that might remain would seem likelv to
be more restricted to those types that are detectable bv the N-version
software voters. This would obviously be desirable from both experimental

and architectural standpoints. Note that the Ada specification parts are
only one component of the module specifications; English text and analyvtical
diagrams, for example, were used as well. Follow-on activities will

investigate the use of comments expressed in the Anna (annotated Ada)
specification langauge. Logic specification checks for completeness and test
case generation will also be pursued.
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1.4 Anna Specification Language

In general, formal specification has been identified as the key to
rationalizing the software development process (Ref. 4). In the case of
fault-tolerant software, moreover, formal specification would seem necessary
to eliminate a class of faults that cannot be tolerated, namely software
faults originating in specifications. By definition, such faults lie outside
the safeguards of software fault tolerance, which it is charged with ensuring
specification conformity during operation, under the assumption that the
specification is correct. Thisproperty can be affirmed to some extent by the
verifiability inherent in formal specifications.

The Anna (annotated Ada) specification language (Ref. 5) appears to be a
significant advance in specification technology for practical systems.
Despite its as yet developmental status, Anna is considered mature and
promising enough to merit a limited trial application. This seems feasible
because: Anna statements are of the form of actual Ada comments, so they are
ignored by an Ada compiler; in many cases they resemble Ada source code, so
they are comparatively readable; and above all Anna specifications need not
be complete, so they can be wused to the extent desired for anyv particular
program unit.

Although the processing of Anna statements normally involves associated, but
currently unavailable, support software for automated consistency checks, the
addition of semantic definition ‘to Ada specifications alone is expected to
yield more than ample return for the effort expended. In particular., Anna
holds promise of providing the high quality specifications that are so are
vital to fault-tolerant software.

Eventually, it should be possible to obtain the Anna support software, and it
would doubtlessly prove informative to evaluate its static consistency
checking as well as to apply its dynamic run-time checks during simulation
testing. Exceptions raised by the run-time checks might well prove useful in
the conduct or analysis of testing. From a fault avoidance standpoint, both
of these types of checks should improve software quality in general. and from
a fault tolerance standpoint, the dynamic checks might serve as acceptance
tests in recovery block mechanizations.
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.0 SYSTEM DESIGN

As a framework and context for the software program unit specifications, a
DFCS design was systematically developed that illustrates the precision and
accountability appropriate for critical functions. Here only certain pitch-
axis functions were levied as requirements in order to suitably bound the
scope of the software development effort. Accordingly, the following system
functions were included:

o Augmented Fly-by-Wire (AFBW) for a Negative Static Margin Transport -
double fail-operational redundancy

o Autoland (Glideslope and Flare Modes) - single fail-operational
redundancy

o Vertical Navigation and Altitude Hold (Growth Provisions Only) - fail-
passive.

Inclusion of growth provisions was based on a potential interfacing with a
navigation estimation algorithm that Battelle developed wunder this same
contractual task to explore recovery block software fault tolerance.

2.1 System Description

The above requirements, especially the AFBW function, would typically result
in a quadruplex system architecture as depicted in Figure 5. The redundancy
levels and interconnections shown are representative of current industry
practice, based on the safety and reliability requirements associated with
the above DFCS functions. Four parallel MIL-STD-1553B multiplex (MUX) buses
are assumed for system interconnection, and the computer cross-channel buses
are asynchronous broadcast buses like ARINC 429,

Top-level system logic requirements in terms of MIL-F-9490D Operational
States (Ref. 6) are summarized in Figure 6. This logic, which reflects
system safety based on the interaction between redundancv margins and
airplane flying qualities status, is most appropriate for an AFBW function.
This system state logic, whose definition 1is expanded and applied in
subsequent sections on fault and annunciator logic, was wultimatelyv be
implemented in N-version software modules.

The system-level signal flow for a single channel, which is tvpical of all
channels except for the routing of dual or triplex signals, is given in
Figure 7. Distribution of these signals is clarified in Figure 4 or in the
software interface definitions. The individual system-level signals are
characterized in Figure 8.

Each flight computer is postulated to be identical, with an input/output
processor (IOP) for transferring and formatting external signals and a
central processor unit (CPU) for flight software computation. As depicted in
Figure 9, the two processors operate autonomously and share two sections of
memory. Cnly the IOP can write the memory addresses assigned to input
variables, and the CPU can only read them. Similarly, only the CPU can write
the output addresses, and the IOP can only read them. The input data re-
fresh rate is assumed to be high enough such that associated data skew or
phase lag are not serious concerns.
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IDENTIFIER DEFINITION SIGNIFICANCE ﬁ:
eoosveseee ooesseseas escescesceess 5
OPERATIONALLSTATE_] Sys:em Operatxonax btate 1 Full Capability
OPENATIONALLSTATE.2 II Limiteda .
] OPERATIONALLSTATEL)] . . . ITr Marainal *
d QPERATIONAL.STATE.4 " . " IV or v Unsate "
I e
NORMAL.FLYINGLOLTY Normal Flying Quallties Level 1 X
DEGRADEDLFLYINGLOLTY Degraded * . Z 8
MARGINAL.FLYINGaULTY Marginal * . S ]
UNFLYABLE Untlyable " " Less than Level R
-\-‘-
DOUBLELFALIL.OP Double Fafl Operattonal 4 Indep, paths <
SINGLELFAILLUP single . k| - 4 -
FAILLUNSAFE Fail Unsate 2 . S
DEPLETEL tnadequate Resources : 0 or i g .~::.~

RN 2R
P oy

;-

OPERATIUNALLSTATELL = ODOUBLELFALLLOP & NURMAL_FLYING.QLTY

OPERATIUNALLSTATEL2 = DOUBLELFAILLOP ® DEGRADEDLFLYINGLULTY « L
SINGLELFAILL.OP & ( NORMAL_FLYING.QLTY ¢ DEGRADEDLFLYING.ULTY )

OPERATIOMALLSTATEL3 = MARGINAL.FLYING.GLTY * not UNSAFE + .~
FAILLUNSAFE * not UNFLYABLE

OPERATIONALWLSTATEL.4 = DEPLETED + UNFLYABLE .

P P P T T Py Y P L T P I P P Y P Y P P Ty P T Y P PR P LR Y Y D R Y

DOUBLELFAILLOP = MIN_JI.SERVOSLENGAGED & CUMPUTERS.VALID * :’:
STICKSLVALID % AOA_PAIRS.VALID R

SINGLELFAILL.OP 3 MINL2_SERVOS_ENGAGED ® MINLI.COMPUTERS.VAL ¢
NOMo4ALSTICKS VAL * NINLILADA_PRSLVAL *
( NOt MINLILSERVOSLENGAGED ¢ not COMPUTEKSLVALID +
not STICKSLVALID ¢ not ACALPAIRS.YALID )

v

FAILLUNSAFE = 1_SERVO_ENGAGED ¢ XCTa2 CUMPUTERSLVAL < S
NOMo2ALSTICKSLVAL ¢ ACTL2.AUALPRSLVAL ;

UNSAFE = MAXLl_COMPUTEKRLVAL ¢ MAX_1A_BUS&VAL ¢ MAXL2ALSTICKSLVAL »
MAXaloAQALPRLVAL !

NORMALLFLYINGLULTY = MINL2.PRGYKOSLVAL * MINL2.AUALPRSLVAL

DEGRADEDLFLYINGLALTY 2 MAXalo PRGYKOLVAL ¥ MINL2_AUA_PKS.VAL

;5

MARGINALLFLYINGLQLTY 3 MINL2L.PRGYROS.VAL ¥ ZROLAGALPRLVAL

o,

N A

UNFLYABLE = MAXL1oPRGYKROLVAL ¢+ ZRO_AOA_PK.VAL

2

Vel N Sl A
),

Se RTe s s e ATERR SR RETTTLONTEERE TR T T TS TR T W W TN KR CTR YW W T WW
..
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Figure 6 - Top-Level System Logic
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IDENTITY TYPE RANGE LDENTLF IRk

meesccscectetsc et et e R s e S r TR ca e e S e R s rn et e er ettt aue e er AR et sracsetecaseanenREe.

Pilot*s Stick Command No,! Float 0.5,=1.5, aen PadTLICR_CHUCL)

Pilot’s Stick Coamand No,2 . . PoSTICKLCMU(2)

Pllot’s Stick Commana NO,) . L PadTICKCMU(])

Pilot’s Stick Coamand No,.4 . - PaOTICK CHNO(4])

Coptlot’s Stick Command No,! . - CPSTICK.CMD(1)

copilot’s Stick Command No,2 " - CPLSTICKLCHMD(2)

Copilot’s Ssticx Command No,) . . CPoSTICKLCMD(3)

Copilot’s Stick Commagna No,4 . - CPLSTICK.CMD(4)

Lett Anqle=-of~Attack No,l . ¢50,=10 deq LEFTLAUA(YL)

Lett Angle=ot=Attack No,2 . - LEFTLAUA(2)

Lett Angle-ot~Attack No,) . . LErTLAQA(D)

Lett Angle-ot=Attack No,4 . . LEFTaAUA(Q)

Right Angle~sot=-Attack NO.1 . ] KIGHIaATA(L)

Right Angle~ot=ArLtackx No,2 . " KIGHTLAOAC(2)

Right Angle~ot~Attack No,3 - - KIGH1LAUA(3)

Right Angle~of=Attack NO.4 . . RIGHTLAOA(4) -
Pitch Rate No.l . +/= 30 geg/sec FoRATELGYRU(L) 0y
pPiteh Rate No,2 . " PeRATELGYRO(2) O
Pitcn Rate No,) . " PoRATELGYRU(]) Y
Normal Acceleration No,t . *3 G, =1 G NORMLACCELLL) A
Normal Acceleration No.2 - - NOKMLACCEL(2) .J«'
normal Acceleration No,) - - NONMLACCEL(3) Y
True Airspeed NO,IA - 100-1000 tps TRUELAIKRSPERD(1) -
True Af{rspeed No,18 . - IRUEAIRSPLED () A
True Airspeea No,2A 4 . TRUELAIRSPEED( ) ®
True Alrspeed No,28 . - TRUELAIRSPEED(4) ~.
Hadio Altituae No,1A . =20, +2500 tt KADLALTITUVE(Y) S
R8aio Altitude No,1B . . RADLALTITUUE(2) -"
Radio Altituae NO,2A . . RAOLALTITUDE(]) .
Redio Altitude No,28 b . NADLALTITUVE(4)

Glideslope Deviation NO,.1A . */= 1,4 deg USLBLAM_DEV(1)

Glideslope Deviation No,l1B . . GSLHLAM_DEV(2)

Glideslope Deviation NoO,2A . . GS.HLARLDEV(])

Glideslope Deviation No,28 * - WSBLAM_DEV(4)

Pllot’s Stick validity wNo,! Boolean 1 2> Valia P=O>IKoVAL(L) LR
Pllot’s Sticx Velldity Na,2 - . Pas3TALVALL2) !
Pllot’s Stick vVaildity No,) . . PoSTRLVALLS) S
Pllot’s 5tlck valldity No,4 . . PoaThoVAL(Y) b
Copllot®s Stick validity No.l . . CPLSIKLVAL(L) O
Copflot’s Sticx validity wo,2 * . CPLSTRLVAL(2) MY,
Coptlot®s Stick valialty No,3 . . CPLSTKLVAL(]) \r\d
Copllot’s Sticx Vallidity No,.4 - . CPLSINLVAL(4) ™
Lett AnQle=oteAttack Valldity No,l . - LaACALYAL(Y) )
Lett Angle-ot~Attacx Yvalidity No,2 . . LeADnaYAL(Z) e .
Lett Angle-oteAttacx Valldity no,] * . LaACALYAL(D) 1
Lett Angle=ot=Attack Valldity No.4 . - wahDALVAL(Y)

Rt Angle-oteAttack Validity No,l . . Mo AOALVALI(L)

Rt Angle~of-AttacxK validity no,2 . . Mo ACALVAL(2)

Rt Angle-ot=-Attackx Valldity NoO,.J . . NaAQALVAL(])

- M

KaaOALVAL(4)

P Y T L YL LT T T T TP P R Y PPy e P Y Y L Y Y P A R P L R LR P T Y T

%,

Figure 8 - System-Level Signal Summary (1 of 2)
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Piteh kaete Gyro validity No,1 8oolean 1 => valid PoRATELVALI(1) f\l
Pitch Rate Gyro Validity No,2 - . PaRATELVAL(2) \
Piten Rate Gyro vallaity No,3 . . PorATELVAL()) R
Normal Accelorometer Validity No,1 . . NaACCELLvVALLL) N
NOrmal Accelorometer Validity No,2 . - NaACCELLVAL(2) N4
NOormgl Accelorometer vValidity No,J . . NaACCELLVAL(3) o
True Airspeed validatty No.lA . . TAS_VAL(L) o
True Alrspeed Validity No,iB . . TASLVAL(2) K
Trye Afirspeea valldity No,2A . . TASLVAL(3) o
True Airspeed validity No,20 . . TASLVAL(4) s
Radio Altimeter validity No, 1A . . KADLALTLVAL(L) -3
Radio Altimeter valiaity No, 1B . . RADLALT _VAL(2) )
Radio Altimeter valldity No, 2A . . RAU_ALT.VAL(3) - .
Radioc Altimeter valiaity No, 2B . . NADALTLVAL(4) S
Glldesiope Valldity No,lA . - GSLBEAN_VAL(L) o
Glideslope Valldity No,1B . = GS.BEAM_VAL(2) N
Glideslope Validity No.2A . . GSLBEAM_VAL(3) a0y
Glideslope Valioity No,2B . bl CS.BEAM_VAL(4) S
N
Autopglot Selection A & B Enumerated S moaes MOVELSEL O
Autoland Category A & 8 . 3} categrories . )
Autopilot Engagement A . S modes/) categories ANNUNLY], ANNUNLVZ }
Autopilot Engagement B . . ANNUNLYY, ANNUN_V4 N
' Autoland Progress A . b states ANNUNLYY, ANNUNLV2 A
) Autoland Progress B . . ANNUNLYD, ANNUNLYE R
Flying Qualtities Level A . 3 levels ANNUNLYY, ANNUNLY2 O
Flying Quajitities Level & . ° ANNUNLY ], ANNUN_V4 o
Autoland Status A - ) states WARNLY ], mAKN_V2 o
Autoland Status B . . wARNLY I, mARN_VQ RS
Fly=pyewire Status A . . WANNLYL  wAKN_V2 kS
Fly=py=-Wire Status B8 . . NARNLY ], mARNLVY )
Flying Gualities Status A . 2 states WANNLVL , mARN_V2 -
Flying Quaiities Status 8 . . RANNLY 3, wARN_V4 -
3 Master warning A . 3 states ELASHLmARNLYL, S
3 FLASnawAKNZY2 N
3 Master warning B . L FLASALmARNLY 3, .
) FLASHomARN.VS s
f Acknowiedge warning Boolean 1 2> Acknowleage ACANLWLEDGE -
3 Servo Engage Status No,! necord 3 components SFnvdal Tes
] Servo Engage Status 0,2 . . SENVUL2 ~
Servo tngage Status No,3 . - SERVULS ]
Servo Engage Status No,4 . . SERVOad <
servo Command No,! Float 11, *2 deg STABLSERVOLCMDLY] Y
Servo Command No,2 . . STABLSEHVOLCMDLY2 N
Servo Coamand #o,3 . . STABLSERVLLCHNDLV)
Servo Cosmang NO, & . . STABLSERVOLCMDLVA
? SIS IO PI RIS I PP IS RFPE YEP I YR P 19 AP i,
3
4
S
"
|

Figure 8 - System-Level Signal Summary (2 of 2)
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TO EACH OF THE OTHER
THREE COMPUTERS

FROM THE OTHER THREE MAIN
RESPECTIVE COMPUTERS MEMORY
11 7
SHARED MEMORY
CROSS-
CHANNEL -CHA?
BUS CROSS-CHANNEL
RECEIVER
BUS INPUTS
LOGIC/SENSOR
CROSS-
CHANNEL
BUS INPUTS
RECEIVER

CROSS- .
A" \:>{ BTJgrUPL'l! CENTRAL |
S PROCESSOR PROCESSOR <:

RECEIVER

) CROSS-

T CHANNEL
8US

TRANSMITTER

CROSS~-CHANNEL

{}

BUS OUTPUTS

DISPLAY/EFFECTOR

MIL-STD

—___—:_———_’ 15538
( Bus | OUTPUTS

CONTROLLER

SHARED MEMORY

il

AIRPLANE SYSTEM
RECEIVER/TRANSMITTERS

Figure 9 - Computer Input/Output Organization (Same for All Computers)
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Figure 10 lists all of the DFCS computer cross-channel signals and summarizes
their salient characteristics. Note that some logic input signals require a

dedicated discrete input for a practical design, e.g., to provide
responsiveness in the real-time coordination of resources. As far as the
flight software is concerned, all ({input, output, or cross-channel signals
could be made available as 1local data objects. However, for test
observability or software voting, the level of visibility of these objects
was raised. Figure 11 shows the interaction between the IOP/CPU shared

memory and the input signal that must be accomplished by the flight software.
The latter is specified in Sections 8.0 and 10.0 as part of the N-version
test article.
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IDENTITY TYPL RANGE

Lett Anglee~cf~Attack No,l Float +50,=10 deg
Lett Angle-ot-Attack No,2 . v
l.ett Angle-ot=Attack No,3 . "
Lett Angle~of=Attack NoO.4 . "
Right Angle=of-Attack No,l . »
Hight Angleeof-Attack No,2 " .
Night Angle=ot=Attack No,] " .
Right Angle~-of-Attack No,4 " “
Channe}l Statys No,l Boolean 1 3> valld
Channel Statuys No,2 . .
Channel Status No,3 . b

L] L]

Channel Statys No.4

R R TP L e Y Y Y Y L e P P Y P Y P Y R Y R R L R R P R Y L L )

IDENTIFIEK

LEFTLAUA(L)
LEFTLAQAC(2)
LEFTLAQACS)
LEFTLAQA(4)

KIGHTLAUA(L)
RIGHTLAGA(2)
RIGHT=AUA(S)
KI{GHT&AQA(4)

CHNL.STATUSSYV
CHNLLSTATUSLV2
CHNLLOTATUSY S
CHNLLSTATUS.V4

NOTE: All sensor inputs and thefr validity signals are cross-bused py the
1/0 Processor, The logic signals are the result ot software computation,

B T T e ey Y Y Y Y P Yy Y Y P T P Y L Y PR PR Y Y Y PR P P P Y R L Y T

Figure 10 - Computer Cross-Channel Signal Summary
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s 3

‘s: 3.0 SOFTWARE DESIGN
Two aspects of software design were considered: the actual DFCS flight

" software for the four computational channels; and the test executive to

- manage N-version software execution and assessment on a single VAX 8650 host

: machine. This section develops the DFCS software design, while the test

< executive and the overall demonstration software organization are presented

hf in Section 14.0.

: For the test article, note that the lower-level DFCS software in each channel

L runs under an autonomous Ada task, DFCS_x EXEC, in Figure 2. Here "x"
.j- denotes the DFCS channel number. All four of these tasks are active,
& although perhaps blocked, throughout testing. The DFCS_x_EXEC tasks serve to
: A enable the non-real-time testing of parallel channels in a sequential, yet

' acceptable, manner involving coordinated task blocking at the cross-check

points. The basic point, however, is that the same DFCS software can run in

> either parallel DFCS processors or a single test computer in effeczively the

- same way.
.
'S The overall organization of each DFCS cnarnel's flight software is depicted
N in Figure 12. Note that the two top-level procedures are not included in the

4 DFCS test article, but partial contents of the top-level DFCS packages,

" CHANNEL RESOURCES and SYSTEM RESOURCES, are still used in the test set-up.

- The associated Ada source code listings are given in Figure 13, Parts a and b.
>
S 3.1 DECS Software Design

~, The overall design of the software was intended to closely follow the prior .
’:- design of a quadruplex DFCS that was implemented and demonstrated on the =
b~ RDFCS (Reconfigurable DFCS) Simulator Facility at NASA Ames under the same "]
:- contract as this task (Ref. 7). It 1is expected that the similarities will :Q
o~ serve to strengthen the tutorial value of the contract reports by viewing ':

.

essentially the same system from different perspectives.

l.

>
- .
o S

A The top-level DFCS software design 1is the same for each channel. <¥With
j reference to Figure 12, the main program in each channel, RUN DFCS MAIN x. is {j
& taken to be an austere operating system that establishes a given channel’s ~a
. readiness for operation upon start-up or following a temporarv disvuption. N
T Normally then, the second-level procedure, RUN DFCS_EXEC _x. directs ongoing N
system management during normal operation, e.g., major frame channel
’ synchronization. 1In a complete flight software load module, it also calls
- Procedure RUN_FOREGROUND x, which 1is 1included in the <the N-vers:ion test
o article.
L
4 Figure 14 illustrates the looping, multirate structure of RUN_FOREGROUND_ x.
which in the test set-up is called by Task DFCS_x EXEC of the test harness
P (which replaces Procedure RUN_DFCS_EXEC_x for demonstration purposes). After
.: each top-to-bottom traversal of the flow diagram, control is re-assumed bv
~ DFCS_x_EXEC for a simulated elapsed time of 50 millisecond per computational
oy cycle as defined in Figure 15). When appropriate, Procedure RUN_FOREGROUND_ x
N is called again and the next one of the four path traversals is effected.
’ Note in Figure 14 that the N-version cross-check points are shown following
each of the affected applications procedures; at such points, the four
A
K,
W)
o
(L)
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BEGIN

RUN_FORECROUND
_Vx

PV T R LVAE g Tt ol o "ol ol Vai St  md el el talo AR Ve sl Sal AU SR k. el AUa il bia pA i, gty e dog R tie B A d AR AR RSN LS Sd B0 A0 (4 0.0 Rt Ba¥ fot o U by Sn Jig oF) g%
.

SELECT MODE

_V:
1 OR 1 2 OR «
ASSESS_CHANNEL ASSESS_SYSTEM
Vx _Vx
2 4
CIVE_STATUS Vx CIVE_WARNING
VANACE_AL MANACE VN _
SENSORS V x SENSORS vx
CALC_AUTOLAND CALC _VERT_
T vx NAV _Vx
(CROWTH
S—— PROVISIONS
ONLY)
MANAGE IL_
SENSORS Vx
CALC_INNER _
LODP Vx
20 Hz MAJOR FRAME -
Figure 14 - Multirate Foreground Executive Flow Diagram
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channels must synchronize, exchange data, and vote before executing to the
next applications module.

3. DFCS Applications Software

For years the authors have used a software design strategyv that is based on
control state decomposition (see Ref. 8), and this sufficed for the
development of FAA’'s quadruplex DFCS at NASA Ames. The implementation
language used there (AED), however, did not permit the extensive protection
of data objects that Ada fosters through packages and strong tvping. Hence,
the the concern for minimization of the data objects’ namespace over the
total program could not be addressed systematically wuntil the present
implementation in Ada. The intent, of course, 1is to alleviate the
vulnerability of data objects to 1inadvertant changes through reducing their
respective scopes in the DFCS software.

To accomplish this, a data flow decomposition strategv (Ref. 9) has been
introduced at the applications software level. Figure 16 depicts the
intermediate step for this design stage. Svstem and cross-channel input
signals are introduced to a single channel on the left, and output signals
emerge on the right of Figure 16. In between new data objects are identified
that are internal to the DFCS applications software. along with their flow
relative to the applications procedures in Figure 14. Finally, the three
intermediate-level Ada packages of Figure 12 are shown, information
additional to that normally contained in data flow diagrams.

This data flow representation was actually used to group associated data
objects and procedures within these Ada packages and toc determine the levels
at which each data object is to be declared in the Ada-based design. The
lower the levels are in general, the less 1is the namespace over most of the
program execution. This type information 1is indicated to a certain extent
statically in the call/usage graph presented in Figure 17. Definition of the
actual Ada package specification parts 1is then initiated from information in
these representations.

Note that Figure 17 portrays appreciable complexitv ard dispersed
dependencies in the overall DFCS/test program. This complexizv 1s due to
software fault tolerance and to the composition of the test harness. Perhaps
the biggest contributing factor is the non-interference requirement {mposed
on the test harness. Section 14.0 further describes the mechanization and
rationale.

The associated Ada source code listings for the packages shown in Figures i»
are presented in Figure 18: (a) Package DFCS_LoGIcC: +h'  Package
DFCS_RESQURCES:; (c) Package CONTROL_LAWS: (d) Package N_VERSION VOTERS; and
(e) Package VOTING_PLANES. These package specifications. which capture much
of the DFCS applications software design in non-executable Ada code. are
referenced by the Ada N-version procedures pursuant to the namespace
reduction strategy.

All but Packages N_VERSION _VOTER and VOTING_PLANES are referenced by
Procedure RUN_FOREGROUND x, as indicated in Figures 12 and 17. The affected
applications procedures reference Package VOTING_PLANES, which effects cross-
channel synchronization and calls the voter procedure contained in Package
N VERSION_VOTER. The voting requirements are summmarized in Figure 19,
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pacxage CONTROL.LAWS is

=« Procedure Deciarations

procedure CALCL.AUTOLAND.V] H
procedure CALCLINNER.LOOP.V]

procedure CALC_AUTOLAND.V2 H
procedure CALCLINNER_LQOP.V2 ?

procedure CALCLAUTOLAND.Y] H
procedure CALCLINNER_LOQPLVI

procedure CALC.AUTOLANDLVYG H
proceaure CALCLINNERLLOUP.VAE

= Type peclarations

type PITCHLCOMMAND 18 new FLOAT range =5,0,,10,U ¢
type STAB_COMMAND {8 new FLOAT range =11,0,,2.0 7

= (bject ULeclarations

AUTOLAND.CMD.V1, AUTOLAND.CMD.V2, AUTOLANDLCMD.V],
AUTOLAND.CMD. V4 : PITCHLCCMMANL

STABLSERVO_CMD.V), STAB_SERVOLCMDLVZ, STABLSERVO.CML.YI,
STABLSERVOLCMDLV4 $ OTABLCUMMANY

end CONTHROLLLAWS ;
package body CUNTROLLLAWS s

proceaure CALCLAUTOLAND.V] ls separate
procedure CALCLINNER.LOOP.V] {s separate

proceaqure CALC.AUTOLAND.VZ 1s separate
proceaure CALC.INNER_LCOP.V2 {s separate ;

proceaure CALCLAUTOLANDLV] is separate
procegure CALCL.INNER_LOOP_.V) Ls separate

> we

procedure CALC.AUTOLANDALV4 is separate
procesure CALC.INNER_LOOP.V4 13 separate ;

ena CONTKRQLLLAWS ;

Figure 18a - DFCS Applications Package Listing
Package CONTROL LAWS
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Figure 18B - DFCS Applications Package Listing
Package DFCS_LOGIC (1 of 4)
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with CONTROLL.LAWS 3} use CONTROL.LAWS ; ..
with DFCSLLOUGIC 3 use DFCS.LOGIC ;
witn OFCS.RESQURCES 7 use DFCSLRESQOURCES ;
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VNN

separate(SYSTEMLRESUURCES)
procedure RUNLFOREGROUND.L 1S

.

begin

SELECT.MODE.V1 ;
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4.0 MULTIRATE EXECUTIVE DESCRIPTION

P4

% %% %'

The control structure of Procedure RUN_FOREGROUND x was presented in a
multirate flow graph form in Figure 14, and the intent has been to implement
it and its called procedures such that the applications software mignt run
intact in either a (hypothetical) target flight computer or a host computer
test harness. The foreground executive procedure was implemented for each of
the four DFCS channels, and 1incorporated into the test harness (see Section
14.0). The Ada source code 1listing for RUN_FOREGROUND_ 1l is given in Figure
20.

5

i LS S S A R
L AARAANR

With the exception of channel/version number designations, the software for
RUN FOREGROUND_Ll is the same as for each of the other channels. In the names
of program units such as RUN_FOREGROUND 1, note that the suffix "1" bv itself
denotes pre-existing Channel 1 software, whereas "V1" designates later-to-be-
developed Version 1 software. O0Of course, all Version 1 software is used in
Channel 1.

i » ‘JJJ)
N T X

¥

o
N
. als
" a

s
' 4

0 The listing in Figure 20 1is mainly the executable <code that calls the X-
N version control function applications procedures. The location of N-version
cross-check points do not appear in the listing, as Figure 11 might suggest,
because voter calls take place at a lower level in the program structure.
This is done primarily because the same svnchronization process is used bv
all voted procedures. Also, it facilitates changes to procedure outputs for
fault correction purposes, which 1is more easily handled 1if the affected
procedure has not been exited. The associated mechanization, moreover, seems
to afford some reductions of the namespace.

Y NN S
" .

VLI

1
.

Only one version of N-version voting 1is employed because multiple voting
implementations would significantly and needlessly complicate the
investigation. Also, voting of the foreground executive itself is avoided as
an unwarranted addition of complexity. Besides, the limited scope and logic-
oriented nature of DFCS executives render them amenable to formal
verification. Hence, the need for software fault tolerance on this level mayv
conceivably be alleviated. Such issues may possibly be addressed under NASA
Langley auspices (see Ref. 10).

z

.v.

P
R
2 4

by

Timing intervals for the N-version code segments were stipulated in Figure
15, with a total of 50 milliseconds alloted for each top-down path traversal
in Figure 14. Associated 20 Hertz hardware timer interrupts are in general
assumed to be satisfied in all channels for most N-version testing purposes.
but code segment timeouts at cross-check points are to be explored per
Section 14.0.
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5.0 SELECT_MODE PROCEDURE SPECIFICATION

The operational

confirm that the

controller.

5.1 Autopilot Modes

Autopilot mode

mode(s) of
identical externally applied logic signals to each channel and on
generated ones reflecting the availability conditions of
fly-by-wire) function and the
selected
selection(s) shall then be
control functions and for

engagement

shall be determined based on
internally

the AFBW (augmented

each channel

autoland sensors. The internal logic shall
mode(s) 1is(are) engagable. The resultant mode
furnished for activation of the corresponding

indication of mode engagement to the autopilot

shall be determined by the externally applied

logic signal MODE SEL, which is available to all channels. The order of
precedence of mode engagement in ascending order shall be: Basic, Altitude
Hold, Vertical Navigation, Autoland, and Off. Due to external logic
interlocks, when MODE_SEL.AUTOPILOT 1is set at Autoland, MODE_SEL.AUTOLAND
will never be set at off. The output MODE_ENG Vx.AUTOPILOT reflects the
input selection in all but the Autoland Mode which shall be conditionally
engageable.
5.2 Autoland Mode
The autoland selection, MODE_ENG _Vx.AUTOLAND, shall be determined by the
internal logic signals, AL_COMP_Vx and FBW_STATUS_Vx, according to the
following logic conditions:
off --> Autoland Not Selected OR No Category Engagable.
Category 1 --> Autoland Selected
AND ({Category 1 Selected )
AND Minimum of 1 Each Autoland Sensors}| .
OR {Category 2 or 3 Selected -
AND [Exactly 1 Sensor for at Least One Tvpe of Sensor g
AND At Least 1 of Other Tvpes of Sensors o
OR  Operational State Less than 2).). ;
Category 2 --> Autoland Selected
AND (t(Categorv 2 Selected
AND Minimum of 2 Each Autoland Sensors
AND Minimum Operational State 2! e
N
OR {Category 3 Selected J
AND [at Least 1l Autoland Sensor Fault ?vj
AND Minimum of 2 Each Autoland Sensors :C:-
AND Minimum of Operational State 2 N7
OR  OQOperational State of 2]}). :\j
e
Category 3A --> Autoland Selected )
AND Category 3 Selected el
AND All Autoland Sensors e
AND Operational State 1. R
o
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5.2.1 Autoland Categorv Reversion

If failures occur during a higher categorv autoland, the autoland
shall revert to the next lower category whose engage logic 1is

5.2.2 Autoland Select Warning

If Category 2 or 3 Autoland 1is selected, but
situation shall be reflected in the logic
is selected., but not engagable., AL WARN Vx
Category 2 is selected, but not )

CAT_2_INOP. 1In all other cases, AL_WARN Vx shall be se:

shall be sex

5.3 Maximum Allowable Computational Time

The maximum allowable sub-frame time for cthis

milliseconds.

5.4 Input/Output

AL_COMP_Vx AL _SENSOR_STATUS
type AL _SENSOR_STATUS is
record
GS_BEAM VAL
N_ACCEL_VAL
RAD_ALT_VAL
end record

QUAD_VALIDITY
TRIAD VALIDITY
QUAD_VALIDITY ;

FBW_STATUS Vx PRI_FCS_STATUS

tvpe PRI_FCS_STATUS is (OP_STATE 4. OP_STATE 3. OP_STATE_

OP_STATE_1)

MODE_SEL AFCS_SELECTION
type AFCS_SELECTICN is
record
AUTOPILOT
AUTOLAND
end record

AP_SELECTION
AL_CATEGORY

type AP_SELECTION is (ALT_HOLD, AUTOLAND, BASIC, VERT_NAV.

type AL CATEGORY is (CAT_l, CAT 2. CAT_3A, OFF ):
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) AL_WARN Vx . AL_STATUS 3
» ‘-:
X tvpe AL_STATUS is (CAT_3_INOP, CAT_ 2 INOP, BLANK) ; &
W)

MODE_ENG_Vx . AFCS_SELECTIOX "
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Ada Procedure SELECT_MODE Vx . ADA

with VOTING_PLANES : use VOTING PLANES
separate(DFCS_LOGIC)
procedure 3SELECT MODE_Vx is

-- Local Declarations (if anv)

-- Place Static Variables in Programmer-Defined Package s

4]

-- Using the mode selection/enablement inputs as defined in Section
-- 5.4 (as declared in Package DFCS_LOGIC) determine the resultanrc

-- output signals- mode engagement (MODE _ENG Vx) and autoland warning
-- (AL_WARN Vx) per the English text specification requirements.

begin -- Procedure SELECT_MODE_ "'x

-- Add Demonstration Software Here

CHNL_x_XCHK_NUM =1
XCHK_SYNCH_x . -- Call for N-Version Vote

end SELECT_MODE_Vx
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. 6.0 ASSESS CHANNEL PROCEDURE SPECIFICATION N
Once a channel is initialized and Procedure RUN_FOREGROUND x is running, the ,
5 fault logic states of channel components shall be monitored to ascertain the
. continued proper status of the channel, independent of the conditions of the -
S other channels. Normally then, a channel will be activated and its .
:: servoactuator engaged before this procedure can be called. Once Procedure
L RUN_FOREGROUND _x is operating, this procedure oversees channel fault and
. recovery events until the maximum recoveries below are exceeded.
5 :
v : s .
6.1 Channel Validity Logic -
Ou
- Channel x's status, CHNL STATUS Vx, shall be determined via an examination -
of the associated servo status, SERVO x, and the computer channel states,
N CMPTR_x. ~
) g
> S
- 6.1.1 Servo Validity :
* -
' Since SERVO_x is of Type Record, the wvarious servo walidities shall be )
examined. All must evaluate True under the limitations described below for -~
. the associated servo to be considered in acceptable condition. ~
g 6.1.2 Computer Validity
Similarly, CMPTR_x is a Record Tyvpe, so its elements must all evaluate True
. under the limitations prescribed below for acceptabilitv. .
A -
A\l -
. 6.2 Tlogic State Change -
: The state of CHNL STATUS Vx will have been set True prior zo the initial .
) calling of this procedure during any given execution. Having initiallv bheen 5
: set True, prescribed time delays, or iteration counts. shal. be observed in N
[ declaring the channel validity False. Under certain conditions. a channel <
- validityv shall be restored if a faulted item remains healed sufficient. >

v
LR

A long.

Il

6.2.1 Time Delavs

. The following delavs shall be applied to <the respective logic
- independent basis. Specificallv, there shall he no ! .

. of constituent validity states., so non-offending alidizw

[ ]

s ""v Yy &

&

monitored while CHNL STATUS Vx is False for other reasons 'S

A shall be set False if anv of the 1input wvariables siven helerw are False fav

% the indicated number of times in a row: y
: CPU_CHK_OK 1 count

y 10_PROC_OK 1 count

', MUX_BUS_OK 3 counts

7 i
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ACTUATOR _ON 3 counts
LVDT_VALID 4 counts
POWER_AVAIL 1 count

6.2.2 Channel Recoverv Delavs

A channel shall recover and operate in the foreground applications mode up to
a specified number of times if all appropriate indications of channel
recovery and acceptability are satisfied. Basically, recoverv indications
are particular durations of acceptable validitvy states following an
associated validity trip:

CPU_CHK_OK maximum of 5 recoveries, each following a

or 10-count duration of validity after a declared
I0_PROC_OK logic trip.
MUX_BUS_OK maximum of 6 recoveries, each following a 50-

count duration of validity after a declared
logic trip.

ACTUATOR_ON maximum of 2 recoveries, each following a

or 50-count duration of validity after a declared
LVDT_VALID logic trip.
POWER_AVAIL no limit or delay on recoveries in software

6.3 Maximum Allowable Computation Time

The maximum allowable sub-frame time for this computation shall be 2
milliseconds.
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: 6.4 Input/Output R
) R
" | INPUTS | =
W e e e e e e e o
. R
LY “a
. CMPTR x : CMPTR_CHANNEL_STATUS Lo
[V 'V
type CMPTR CHANNEL STATUS is *
-~ record X
o8 CPU_CHL_OK : BOOLEAN ; o
v 10_PROC_OK : BOOLEAN ; -
. MUX_BUS_OK : BOOLEAN ; -
end record ;
SERVO_x . SERVO_STATUS
type SERVO_STATUS is a
record N
ACTUATOR ON  : BOOLEAN ; w
LVDT_VALID . BOOLEAN ; =
POWER_AVAIL  : BOOLEAN
end record ;
| OUTPUTS . | o
CHNL_STATUS Vx . BOOLEAN o
N
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; o
: Procedure ASSESS_CHANNEL Vx -
! --‘
’ ™
g with CHANNEL RESOURCES ; use CHANNEL RESOURCES ; -
) separate(DFES_LOGIC) N
' procedure ASSESS_CHANNEL Vx is s
: &
: -- Local Declarations (if any) ;
e -- Place Static Variables in User-Defined Package(s) Y
A e R ey
W e
“ “u
v -- Using the comprter -.hannel status and servo status data as -
- -- defined in Paui:'ge CHANNEL RESOURCES, determine the overall -
-- channel status, CHNL STATUS Vx, per the English text part of the ~A
-- specification requirements.
” :..'
2 e T Ty S
- begin .- Procedure ASSESS_CHANNEL Vx Ny
- N
" null; ‘-
‘s D
- -- 0
: -- Add Demonstration Software Here o
-- No N-Version Vote Taken Because Status is Unique to each Channel
end ASSESS_CHANNEL Vx;
.
K.
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7.0 GIVE_STATUS PROCEDURE SPECIFICATION ﬁ
-~
A
Mode annunciator outputs shall be generated based on internal logic )
. computations. The outputs for pilot display shall include autopilot e
, engage/select status, autoland progress, and stability augmentation :ﬁ
performance. Each computer channel will generate an output, and the XN- e
version voter will resolve contradictions. o
o
)
2.1 Annunciator Display Qutputs o)
SN
Four functional state outputs shall be generated as ANNUN Vx per the record :{:
type ANNUN_STATUS. ﬁf
7.1.1 Automatic Flight Control System Status '1;
2 The autopilot engage status shall be derived from the input MODE ENG VX, Hi
; with the following rules for the output ANNUN_Vx.AFCS_STATUS: K
MODE_ENG_Vx.AUTOPILOT = OFF --> AFCS_DISENGAGED ‘.'-J
' MODE_ENG_Vx.AUTOPILOT = ALT_HOLD + BASIC + VERT_NAV
--> AUTOPILOT_ENGAGED
MODE_ENG_Vx.AUTOPILOT = AUTOLAND. --> AUTOLAND_ ENGAGED K
' ;
) 7.1.2 Autopilot Mode Engagement .;:
. .;\.
. The autopilot mode, ANNUN Vx.AUTOPILOT _MODE, shall be set equal to the }:
selected autopilot mode, MODE_ENG_Vx.AUTOPILOT, since they are both of Tvpe e
AP_SELECTION. o
7.1.3 Autoland Progress ::{
S
If MODE_ENG_Vx.AUTOPILOT = AUTOLAND, the autoland progress dispiav ;{f
3 ANNUN_Vx.AL PROG _DISP, a 1x5 Boolean vector. shall reflect the input state X
3 and input sequence furnished by AL_PHASE Vx. Progress shall be indicated bv Fae
setting corresponding output vector elements to True Except for ;,
; AUTOLAND INOP, this Boolean vector has a one-to-one correspondence with the o
A values of the enumerated tvpe AL _PROGRESS : AUTOLAND _ARMED, HC
: GLIDESLOPE TRACK, DECISION_ALTITUDE, ALERT_ALTITUDE, FLARE. YNormal autoland S
progress is noted by stepping through these phases in the above order with s
the following externally controlled exceptions: e
L
o Catagory 1l progress proceeds only through DECISION_ALTITUDE o
o Category 2 skips ALERT ALTITUDE -
o Category 3A skips DECISION ALTITUDE. ;;:
)
s
\.‘;\.
T
L
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The output ANNUN_Vx.AL_PROG_DISP should reflect the progression observed by
indicating the cumulative phases. Thus, once AL _PHASE Vx 1is set to
AUTOLAND ARMED, it and the succeeding phases shall all be recorded in

»
ANNUN_Vx. AL _PROG_DISP, until MODE_ENG_Vx . AUTOPILOT is no longer in AUTOLAND. .4
If AL_PHASE Vx = AUTOLAND INOP -or if  MODE_ENG Vx AUTOPTLOT = Not AUTOLAN e
all components of ANNUN_Vx.AL PROG DISP shall be set to False e

N
7.1.6 aAugmented Flying Qualities )

The augmented flying qualities, as defined by FLY OUAL Vx. shall be
displayed as output by ANNUN_Vx.FLY QLTY  exactly as furnished at the program
unit input.

Iy
PR §

7.2 Update Conditions ).
X
Annunciator display updates shall be immediate, with a logic calculation ;t.
iterations at a 20 Hz rate. AN
SN
RN
Jo

7.3 Maximum Allowable Time ]
L4
The maximum allowable sub-frame for this computation shall be 2 :]i
milliseconds. e
7.4 Input/Qutput ;'f‘
________ -i}?
| INPUTS | ot
........ .::-.;
LN
AL_PHASE_Vx . AL_PROGRESS ; 7

type AL_PROGRESS is (AUTOLAND_ ARMED, GLIDESLOPE TRACK,
DECISION_ALTITUDE, ALERT_ALTITUDE, FLARE,K AUTQLAND IYNOP:

FLY QUAL_Vx . FLYING_QUALITIES

type FLYING_QUALITIES 1is (UNFLYABLE, MARGINAL., DEGRADED, NORMAL
MODE_ENG_Vx : AFCS_SELECTION

type AFCS_SELECTION is

record
AUTOPILOT © AP_SELECTION ;
AUTOLAND . AL_CATEGORY ;

end record ;

type AP_SELECTION is (ALT_HOLD, AUTOLAND, BASIC, VERT NAV, OFF)
type AL_CATEGORY is (CAT_1, CAT 2, CAT_3A, OFF ),
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ANNUN_Vx

type ANNUN_STATUS is
record
AFCS_STATUS
AL_PROG_DISP
AUTOPILOT_MODE
FLY QLTY
end record ;

ANNUN_STATUS ;

ENGAGE_STATUS
CUM AL PROCRESS ;
AP_SELECTION ;
FLYING_QUALITIES

type ENGAGE STATUS is (AFCS_DISENGAGED, AUTOPLIOT_ENGAGED.
AUTOLAND_ENGAGED)

type CUM_AL PROGRESS is array (l..5) of BOOLEAN

type AP_SELECTION is (ALT_HOLD, AUTOLAND, BASIC,

VERT _NAV, OFF)

type FLYING_QUALITIES is (UNFLYABLE, MARGINAL, DEGRADED. NORMAL)
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Y Ada Procedure GIVE_STATUS_Vx

. with VOTING_PLANES ; use VOTING PLANES

Y separate(DFCS_LOGIC)

g procedure GIVE_STATUS Vx is

': -- Local Declarations (if any)

. -- Declare Static Variables in User-Defined Package(s)
L

s -- Using the inputs AL_PHASE Vx, FLY_QUAL_Vx. and MODE_ENG VUx,
o -- compute the appropriate outputs to the Annunciator Displavs,
! -- ANNUN _Vx per the logic requirements in the English language
_ -- specification.
P
A e R I
! begin -- Procedure GIVE_STATUS Vx
[ -- Add Demonstration Software Here

: -

{ CHNL_x_XCHK_NUM = 2 ;

XCHK_SYNCH_x ;

] end GIVE_STATUS Vx :
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8.0 MANAGE_ AL SENSOR PROCEDURE SPECIFICATION

Whenever the autopilot is engaged, the wvarious sensors needed for automatic
approach and landing shall be voted and compared to ensure the integrity of
the signals used for autoland. Direct and cross-channel inputs shall be
processed, and the results shall be placed in a record data structure. Logic
states shall be maintained regarding both the internal and external status of
the various sensor signals.

8.1 Sensor Signal Voting

Three separate autoland sensor signal votes shall be made on the input
vectors each cycle: Glideslope Beam Deviation (GS_BEAM DEVY), XNormal or
Vertical Acceleration (NORM_ACCEL), and Radio Altitude (RAD ALTITUDE). In
each case a median output signal shall be generated and placed in a record,
AL MED_Vx. Where an even number of inputs 1is applied, the median shall be
taken as the lesser of the two middle signal values,

8.1.1 Signal Ranges

The range of the respective input signals shall be defined in the derived
type definitions in Package DFCS RESOURCES, Figure 18c. Note that tvpe
conversions to Float may be necessary at some point.

8.1.2 Input Signal Validities

If the input validity signal associated with any input sensor signal, as
reflected in the record AL FLAGS, is False 5 consecutive iterations, the
sensor signal shall be removed as an input to the corresponding voter. The
associated signal comparator in AL_COMP_Vx shall then be set to False
(tripped state) until 5 consecutive True values of the associated input
validity flag signal are observed. The fault logic trip due to external
signals flags shall be permitted to heal as many times as this logic is
satisfied.

8.1.3 Signal Comparators

Each of the non-faulted input sensor signals shall be applied to a
corresponding voter and shall be compared everv iteration with the current
median signal output of the voter. When the associated time and amplitude
thresholds are simultaneously exceeded, the affected input signal shall be
declared faulted in AL_COMP_Vx, and the signal shall be discontinued as an
input to the voter. The associated fault logic shall latch. for no healirg
of comparison faulted sensor signals shall occur.

8.1.4 Amplitude Thresholds
The following absolute values of signal comparator differences (each voter

input compared with the corresponding voter output) shall delineate out-of-
tolerance input signals for the respective types of sensors:
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Glideslope Beam Deviation >= 0 05 degrees
Normal Acceleration >= 0 025 g.
Radio Altitude >= 2% of current median

value of altitude

8.1.5 Time Thresholds

The following number of successive out-of-tolerance input sensor comparisons
shall constitute the time thresholds for declaring a faultv input signal.
Note that the comparisons, and hence each count. 1is onlv made everv other
call of this procedure.

Glideslope Beam Deviation >= 5 counts
Normal Acceleration >= 4 counts
Radio Altitude >= 4 counts

8.2 Output Signals

The median output signals and the comparator state logic shali be available

as data objects exported by Packages DFCS RESCURCES and DFCS LOGIC
respectively.

8§.2.1 Median OQOutput Signals

The median output signals, AL_MED Vx, shall he a record of Tvpe
Al._SENSOR_SET.

8.2.2 Comparator State Output Signals

The comparator state output signals, AL_COMP Vx. shall be a record of Twvpe
AL_SENSOR_STATUS. AL _COMP_Vx shall reflect the total effect of input sensor

validity flags and the internal sensor comparator validities, i e ., the flag
input for any sensor shall be OR-ed with the associated comparator va.idizw
to obtain the corresponding AL COMP_Vx component value The resultant states

shall determine which input sensor signals are applied to the voters

8.3 Program Structure Requirements

From a static standpoint, Procedure MANAGE_AL_SENSCRS "'x s
into the program structure as shown 1in <the call usage graph in
From a dynamic standpoint, the multirate executive control flow Ir F.oare L1
depicts the invocation of MANAGE AL SENSORS "'x.

8.3.1 Tteration Rate

As shown in Figure 14, the iteration rate for the autoland sensor processing
is 10 Hz.
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8.3.2 Maximum Allowable Computation Time g
4
As indicated in Figure 19, the maximum allowable time for
MANAGE_AL_SENSORS Vx is 5 milliseconds. .
8.4 Input/Output N
‘l
| INPUTS |
GS_BEAM DEV : GS_DEV QUAD
type GS_DEV_QUAD is array (l..4) of BEAM DEV_SIGNAL o
type BEAM DEV_SIGNAL is new FLOAT range -2 5 .2 5 , o
NORM_ACCEL : N_ACCEL_TRIAD ;

type N_ACCEL_TRIAD 1is array (l..3) of ACCEL_ SIGNAL ;
type ACCEL_SIGNAL is new FLOAT range -1.0..3.0

RAD_ALTITUDE : RAD_ALT_QUAD ; .
type RAD_ALT_QUAD is array (l..4) of RAD ALT SIGNAL ; '
type RAD ALT SIGNAL is new FLOAT range -20.0..2500.0
AL_FLAGS : AL_SENSOR_STATUS ;

type AL_SENSOR_STATUS is

'?ﬁ“{ﬁﬁ}

l." '/'l- . ". ’

Al

2

record
GS_BEAM_VAL : QUAD_VALID ; g
N_ACCEL_VAL : TRIAD_VALID , e
RAD ALT VAL : QUAD_VALID N
end record ; o
} OUTPUTS )
AL_COMP_Vx : AL _SENSOR_STATUS ;
AL MED_Vx : AL_SENSOR_SET ; .
type AL_SENSOR_SET is
record
GS_DEV : BEAM DEV_SIGNAL .
N_ACCEL . ACCEL_SIGNAL ,
RAD ALT . RAD_ALT_SIGNAL ;
end record ;
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Ada Procedure MANAGE AL SENSORS 'x

with DFCS_LOGIC ; use DFCS_LOGIC
with VOTING_PLANES : use VOTING_PLANES
separate(DFCS_RESOURCES)

procedure MANAGE AL _SENSORS Vx is

-- Local Declarations (if any)
-- Place Static Variables in User-Defined Package(s:

-- Using the sets of autoland sensor inputs (GS_BEAM DEV,

-- NORM_ACCEL, RAD_ALTITUDE), compute the respective median value
-- outputs for AL MED Vx, per the English text specification

-- requirements.

-- Do not vote an input signal if its associated validity flag,

-- AL_FLAGS(y), is False for a prescribed period Then the indicated
-- fault should be reflected in the corresponding output comparator
-- logic, AL_COMP_Vx(y).

-- Compare each signal input with the associated median value and

-- if out of specification tolerance, note a comparator trip in
-- AL _COMP_Vx(y).

begin -- Procedure MANAGE AL SENSQORS Vx

-- Add Demonstration Software Here

CHNL x XCHK NUM := 3
XCHK_SYNCH_x - Call for N-Tersion Vote

end MANAGE_AL SENSOPS _Vx ;
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9.0 CALC_AUTOLAND PROCEDURE SPECIFICATION

Glideslope tracking and landing flare functions shall be provided as an
orderly sequence of pitch axis sub-modes for automatic approach and landing

under Category I, II, and IIla weather <conditions. Appropriate fault
survivability capability will be provided based on fault logic external to
this procedure. Depending on mode selection and component availabilicv,

autoland status annunciation outputs shall be generated for external displav.

9.1 Control laws

The glideslope and flare control laws shall be in accord with the analvtical
block diagram presented in Figure 21. Neither fixed point nor extended
precision floating point arithmetic shall be used

9.1.1 Signal Shaping

Digital filtering (as contrasted with numerical integration. for example:
shall be used for the transfer functions. The sampling interval T shall be
in accord with the iteration rate in paragraph 9.4.1. The Tustin transform
may be used on the complex frequency operator, s, to obtain z, the complex
delay operator as appears in digital filter equations:

s = 2 (z-1)
T (z+1)

Since all of the filters are first-order, only the one previous input and
output difference equation values must be saved. These saved values must be
initialized, moreover, before mode engagement to preclude spurious transient
steering commands. Specifically, high-pass filters (those with an s-operator
in the numerator) must have their past 1input values set to input values
present at engagement time, and their past output values set to zero. Low-
pass filters (those with only a constant in the numerator) mus:t hawve their
outputs and saved values set to zero prior to engagement. The effect in both
cases is to null filter outputs for the first computational cvcle following
mode engagement.

9.1.2 De-sensitication Schedule

3

The glideslope beam deviation signal shall be de-sensitized,or down-azal
as a function of decreasing radio altitude as shown in Figure 1 =o of
the effects of beam convergence.

ned.
[

e,

ry

-

9.1.3 Glideslope Fader

Since some residual glideslope error signal mav be present at flare engage.
an exponential bleed-off signal fader shall be activated for Categorv Il or
IIIa autoland at flare engage, simultaneously with the switching in of the
flare command signal per Figure 21. Category I approaches shall terminate at
the Decision Altitude, and shall wuse this same fader to bleed off anv
residual command at this point.
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9.1.4 Flare Sink Rate Command

KRR A SN

For Category II or 1IIla autoland, an exponentia. flare path shall be
generated upon descent to 60 feet of radio altitude in accordance with the
altitude scheduling of the sink rate command as shown in Figure 21.

9.1.5 Altitude Rate Signal

VEL PP LA

An altitude rate signal shall be svnthesized from normal acceleration and
radio altitude as blended through complementarwv filtering as shown in Figure
21. This signal shall be summed with sink rate command to obtain sink rate
error during both glideslope and flare modes.

N N A ]

9.1.6 Command Rate Limiting

[ 3 |

Excursions of the sink rate error signal shall be limited by a command rate

limiter per Figure 21 to preclude spurious or extreme flight pacth
corrections.

9.1.7 Command Loop Closure

3

nK
rate command with pitch rate as shown 1in Figure 21. Pitch rate shall be
obtained from IL_MED Vx.P_RATE.

The autoland loop closure shall be effect through the summation of the si

9.2 Mode Engagement logic

Autoland mode engagement shall be effected via the logical signal
MODE_ENG_Vx.AUTOPILOT = AUTOLAND, which reflects both pilot mode selections :
and component availability. The mode selection logic shall be used along -
with the radio altitude signal to activate control law sub-modes and to
perform the autoland progress display logic computations. .

.

9. 2.1 Glideslope Mode Engagement

The glideslope mode shall be active in beam tracking mode for Categories 11

Li

and IIla autoland anv time the radio altitude is above A0 feez. The radio
altimeter level detector shall be included in Procedure TALC AUTOLAND "x.

9.2.2 Flare YMode Engagement -

ol

The flare mode shall be engaged for either Categorv 1l or Illa autoland when X
the radio altitude is below 60 feet.
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9.2.3 Autoland Progress Display
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The following logic conditions shall be observed in determining ourput logic
states, AL PHASE Vx, for annunciation. Since it is an enumeration
object, the assignments below are made wupon satisfacrion,
until another condition is fulfilled, or until the Autoland

AUTOLAND ARMED --> Category Il or IIla Engaged

't"l‘l

remain oniv
Mode 1s reset.

Bttt
“ { I. L) a

GLIDESLOPE_TRACK --> Glideslope Mode Engaged (presumed .7,

DECISION ALTITUDE --> Categorv I Engaged - (h <=
Categorv Il Engaged * (h

ALERT_ALTITUDE --> Category IIla * (h <= 100 fo )

: "“ l‘ »7-

FLARE --> (Category II or Category Illa) * (h <= 60

AUTOLAND_INOP --> Category II and IIla Engage Logic Lost During
Approach or lLanding or when Autoland

De-Selected

9.3 Signal Interfaces

All sensor input signals will have been voted prior to receipt b Procedur
CALC_AUTOLAND Vx to eliminate discrepant inputs due to hardware faults

9.3.1 Signal Inputs

All sensor inputs are derived ¢types with constraints

conversions to Float are therefore needed. Unit conversion from
per second squared for normal acceleration are also needed.

o Glideslope Beam Deviation: +/- 2.5 degrees
o Normal Acceleration: - 1.0/+3.0 g's

o Radio Altimeter: - 20/+2500 feet
o Pitch Rate: +/- 25 deg,/sec

9.3.2 logic Inputs

The logic inputs MODE ENG Vx is a record of enumeration turpe

9.3.3 Pitch Command OQutput

The output steering command, AUTOLAND CMD Vx. is a derived tvpe with a 1range
constraint of 6.0/+3.0 degrees per second A tvpe conversion from Float

therefore needed for this output.
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9.3.4 logic Output

The logic output, AL _PHASE Vx, is an enumeration tvpe.

9.4 Program Structure

From a static standpoint, CALC_AUTOLAND Vx 1is incorporated into the program
structure as shown in the <call/usage grapk in Figure 17; from a dvnamic
standpoint, the multirate executive structure in Figure 14 depiccs
CALC_AUTOLAND Vx's invocation.

9.4.1 Tteration Rate

As evident in Figure 14, the iteration rate for the autoland calculations is
10 Hz.

9.4.2 Maximum Allowable Computation Time

As indicated in Figure 15, the maximum allowable computation time for
CALC_AUTOLAND Vx is 4 milliseconds

9.5 Input/Output

| INPUTS |
MODE_ENG_Vx : AFCS_SELECTION
type AFCS_SELECTION is
record
AUTOPILOT : AP_SELECTION ;
AUTOLAND : AL _CATEGORY ;

end record

type AP _SELECTION is (ALT_HOLD, AUTOLAND, BASIC, VERT_NAYV, OFF)

type AL_CATEGORY is (CAT_l, CAT 2, CAT_3A. OFF)

AL _MED Vx . AL_SENSOR_SET ;

type AL SENSOR_SET is

record
GS_DEV : BEAM _DEV_SIGNAL ;
N_ACCEL : ACCEL_SIGNAL
RAD_ALT : RAD_ALT_SIGNAL ;

end record ;

type BEAM DEV_SIGNAL is new FLOAT range -2.5..2.5 ;
type ACCEL_SIGNAL is new FLOAT range -1.0. 3.0 ;
type RAD_ALTSIGNAL is new FLOAT range -20.0..2500.0 ;

61

AT N
.

.."‘.' N \".

'’

AR b

L
.

R

PR A

. R: \."‘:"

,....
AR
LN
NIV

’
X

(o)
.
a

g

A

S v A SR

Yol sl

s

[RANER
NN

NUARS
Sttt ety

S
'

o

ORGIY .\ a ~\.

A



Lo atoiatotalocate aie Vo gt aly giosgile ot ate dl aingin dle dle fie ato a% (e bin Aia dte flo gl flo fiegte 8\t and” Yy ot 'al YT

IL_MED Vx : IL_SENSOR_SET ;

type IL_SENSOR SET is

record
o
o
P_RATE : ANG_RATE SIGNAL (only component needed)
o

end record ;

| OUTPUTS |

T T B

AUTOLAND_CMD_Vx . PITCH_COMMAND ;

type PITCH_COMMAND is new FLOAT -5.0..10.0 ;

AL_PHASE_Vx . AL_PROGRESS ;

L TR IR

type AL_PROGRESS is (AUTOLAND ARMED, GLIDESLOPE TRACK
DECISION_ALTITUDE, ALERT_ALTITUDE, FLARE, AUTOLAND_INOP)
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A Ada Procedure CALC_AUTOLAND Vx .
3 :

al L
. with DFCS_LOGIC ; use DFCS_LOGIC ; -
,: with DFCS_RESOURCES ; use DFCS_RESOURCES .
‘o) with VOTING_PLANES ; use VOTIVG PLANES k
] : separate(CONTROL LAWS) .
A procedure CALC_AUTOLAND Vx is N

by 4
. -- Local Declarations (if any) .
I -- Place Static Variables in User-Defined Package(s) >
. o
A -- Conditional upon proper mode logic input, MODE_ENG_Vx, calculate "

-- the pitch axis autoland command, AUTOLAND COMMAND VYx, using the

’, -- sensor inputs, AL MED Vx and IL_MED Vx.P_RATE .
£ -~
;: -- autoland is engaged. compute the progress display outputs, )
o -- AL PHASE Vx, as well. N
- A
@  TTTTTTeTeteeseeiiciioiiliieiiiisiessosioosoesosoes
v, N

x begin -

-- Add Demonstration Software Here -
CHNL x_XCHK NUM = 4 -
XCHK_SYNCH_x ; .
’
end CALC_AUTOLAND Vx )
3
-
-
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10.0 MANAGE IL SENSORS PROCEDURE SPECIFICATION

During all foreground executive program execution, the inner loop sensor and
command input signals shall be voted and compared to ensure the integrity of
the signals used for DFCS functions. Direct and cross- channel inputs shall
be processed, and the results placed 1in appropriate record data structures.
Logic states shall be maintained regarding the status of the various input
signal sources.

10.1 Sensor Signal Voting

Five separate inner loop sensor signal votes shall be made on the input
vectors: Pilot's Stick Command (P_STICK CMD), Copilot’'s Stick Command
(CP_STICK_CMD), Average Angle-of-Attack (to be mnamed), True Airspeed
(TRUE_AIRSPEED), and Pitch Rate (P_RATE_GYRO). In each case a median output
signal shall be generated and placed in a record, IL_MED_Vx. Where there are
an even number of inputs applied, the median shall be taken as the lesser of
the two middle value signals.

10.1.1 Signal Ranges

The range of the respective input signals are defined in Section 10 4. Since
these signals are of derived types, tvpe <conversion to Float tvpe mav be
necessary for calculation purposes.

10.1.2 Input Signal Validities

If the input validity flag signals furnished by the repsective sensors, per
IL_FLAGS, is False 5 consecutive iterations, the sensor signal shall be
removed as an input to the corresponding voter. The associated signal
comparator output, IL COMP Vx, shall then be set to False (tripped state).
Following a particular logic trip, 5 consecutive True inputs per IL FLAGS
shall reset the corresponding IL_COMP Vx state

10.1.3 Angle-of-Attack Inputs

Each corresponding left and right angle-of-attack signal pair shall be

5

averaged prior to being voted, as illustrated in Figure 7.

10.1.4 Signal Comparators

Each of the input signals applied to a particular voter shall be compared
each iteration with the current median signal output. Wwhen the associated
time and amplitude thresholds are simultaneouslv exceeded, the affected input
signal shall be declared faulted in IL_COMP Vx, and it shall be permanentlv
discontinued as an input to the voter.
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10.1.5 Amplitude Thresholds

The following absolute values of signal comparator differences (hetween the
median value and that of each voter input) shall delineate out-of-tolerance
input signals for the respective types of signals:

Pilot’s/Copilot’'s Stick Command 0.2 degrees
Angle-of-Attack 1 25 degrees

True Airspeed 10 knots

Pitch Rate . 1.0 degrees/second.

10.1.6 Time Thresholds

The following number of consecutive out-of-tolerance amplitude comparisons
shall constitute the time thresholds for declaring a faulty input signal:

Pilot’'s/Copilot’'s Stick Command >= 6 counts

Angle-of-Attack & Pitch Rate >= 8 counts
True Airspeed >= 16 counts

10.2 Output Signals

The median output signals and the sensor status logic shall be available as
data objects exported by Packages DFCS_RESOURCES and DFCS_LGGIC,
respectively.

10.2.1 Median Output Signals

The median output signals, TL_MED_Vx . shall be
IL_SENSOR_SET

10.2.2 Sensor Status Output Signals

The sensor status signals. IL_COMP Vx. shall  be a vrecorad
IL_SENSOR_STATUS

10,3  Program Structure Requirements

From a static standpoint, Procedure MANAGE_IL_SENSCRS V< is incorporaned
into the program structure as shown in the call usage graph i Fiaure o7

From a dynamic standpoint, the multirate executive structure In Figure ls
depicts the invocation of MANAGE TIL_SENSORS_Vx

10.3.1 Iteration Rate

As shown 1in Figure 14, the 1iteration rate for the inner loop senscr
processing shall be 20 Hz.




' 10.3.2 Maximum Allowable Computation Time

As indicated in Figure 15, the maximum allowable time for
MANAGE IL_SENSORS Vx is 5 millisecords.
i @
A
W) 10.4 Input/Output
:L ----------
\ | INPUTS |
SN e
b CP_STICK_CMD : STICK_CMD_QUAD ;
" LEFT_AOA : AOA_QUAD ;
Y P_RATE_GYRO . RATE_GYRO_TRIAD ;
P_STICK_CMD © STICK_CMD_QUAD ;
L. RIGHT_AOA : AOA_QUAD ;
: TRUE_AIRSPEED : TAS_PAIR ;
) - -
o
Y IL_FLAGS : IL_SENSOR_STATUS
LY - - -
al
type IL_SENSOR_STATUS is
record
AVG_AOA VAL : QUAD_VALIDITY ;
CP_STK_VAL : QUAD_VALIDITY ;
LF_AOA_VAL : QUAD_VALIDITY
P_STK_VAL : QUAD_VALIDITY ;
P_RATE_ VAL :© TRIAD_VALIDITY
RT_AOA_VAaL : QUAD_VALIDITY ;
TAS_VAL : PAIR_VALIDITY ;
end record
| OUTPUTS |
IL MED Vx . IL_SENSOR_SET
type IL_SENSOR_SET is
record
AOCA_DISPL : AOA_SIGNAL
CP_STICK © STICK_CMD
P_RATE . ANG_RATE SIGNAL
P_STICK © STICK CMD
TR_AIRSPEED : TAS_SIGNAL ;

end record

o type ANG RATE SIGNAL is new FLOAT range -25.0..25.0 ; -- deg, ‘sec

g type AOA_SIGNAL is new FLOAT range -10.0..50.0 : -- degrees

- type STICK_CMD is new FLOAT range -1.5..0.5 : -- degrees

E~ type TAS_SIGNAL is new FLOAT range 100.0..600.0 : -- knots
IL_COMP_Vx : IL_SENSOR_STATLUS
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Ada Procedure MANAGE IL_SENSORS Vx

with DECS_LOGIC . use DFCS_LOGIC ;
with VOTING_PLANES ;| use VOTING_PLANES ;
separate (DFCS_RESOURCES)

procedure MANAGE_IL SENSORS _Vx is

-- Local Declarations (if any)
-- Place Static Variables in User-Defined Package(s)

-- Using the Voter/Comparator Inputs (CP_STICK CMD, LEFT AQA,
-- P_RATE _GYRO. P_STICK CMD, RIGHT_AOA, TRUE_AIRSPEED) compute
-- the median value outputs, IL MED_Vx, per the English test
-- specification requirements.

Do not vote an input signal if its associated wvaliditv flag
-- IL_FLAGSty), is False Then record a corresponding comparator
-- trip. IL_COMP_Vx(v).
-- Compare each voted input signal with the associated median
-- value, and if out of specification tolerance. not a comparator
-- trip in IL_COMP _Vx(y).

CHNL_x_XCHK_NUM = 5 :
XCHK_SYNCH x ; -- Call for N.Version "oz«

end MANAGE _IL_SENSORS Vx
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11.0 CALC_INNER_LOOP PROCEDURE SPECIFICATION

A pitch inner loop stability augmentation control law shall be provided to
improve the inherent flying qualities of the aircraft. Since a negative
static stability margin is assumed for the aircraft, the pitch stabilicy
function shall be regarded as critical. Double fail-operational redundancy
is therefore inherent in the design, with graceful degradation of performance
under most multiple fault conditions.

11.1 Control law

The pitch stability augmentation control law shall be in accord with the
analytical block diagram presented in Figure 22 No extended precision
arithmetic shall be used.

11.1.1 Signal Shaping

Digital filtering shall be wused (as contrasted with numerical integration.
for example) for dynamic signal shaping. The sampling interval T shall be in
accord with the iteration rate in Paragraph 11.4.1. The Tustin transform
may be used on the complex frequency operator. s, to obtain z. the complex
delav operator as appears in digital filter equations:

s = 2 (z-1)
T (z+1)

11,1.2 Gain Scheduling

Sensor signal gains shall be scheduled as a function of true airspeed in
accord with Figure 22. In the event that the <true airspeed signai is
questionable, i.e., if both components of IL COMP_Vx.TAS AL are not valid,

a

all gains shall revert to their lowest scheduled values.

11.1.3 Outer Loop Command Summation

when externally selected. wia MODE_ENC_Vx AU
Loop pitch servo command, AUTOLAND CMD "'x
loop command as shown in Figure 22.

11. 1.4 Command Limiting

The summation of the inner and outer loop servo commands
-8.0, +1.0 degree of stabilizer displacement.
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11.2 Activation logic

The inner loop control law shall be engaged at all times, but it mav be
altered externally due to sensor resource depietion, which can cause a
median sensor input(s) to clamp to zero.

11.2.1 Mode Engagement

The basic stability augmentation function shall be activated as a function of
aircraft electrical power on, provided the respective DFCS channels are able
to commence cycling in the foreground executive program (see Section -« 7.
During the first pass through the control law following power application or
resumption, the high-pass filter for angle-of-attack shall be initialized to
set its output to zero (past difference equation ou“put to zero, and past
input value to present input value). This initialization precludes an
engagement transient.

11.2.2 Srick Commard Blending

Each of the pilots’ stick command inputs shall be passed through a + - .03
degrees of stabilizer command deadband. and <the thew shall he sumred <o
obtain an averaged input value. The result:nt command shall then be limited

to an +/- 12.5 degrees of stick command.

11.2.3 True Airspeed Validity

The true airspeed wvalidity signal, IL _COMP_Vx.TAS_ AL, shall be used =zo
determine that the true airspeed signal 1is acceptable for wuse in gain
scheduling. Both validity signals must be True

11.3 Signal Interfaces

All input signals, with the possible exception oIl <the 2Ter [o0p o0

will have been voted prior ¢to receipt by Zall I3 P ooellr
discrepant inputs due to hardware faults.

11.3.1 Sensor Inputs

All sensor inputs are of derived <tvpes. Tonsequentlv, TUDe Ccontersion oo
Float shall be performed where necessarv. e g prior T il LT

conversions.

11,3.2 Steering Command Input

The outer loop steering command input signal., AUTOLAND CMD "x {s incrementa.
about the stabilizer trim position (which is irrelevant to the Implementation
of this procedure). Since it 1is a derived <tvpe. it shail bhe converted o
Float type for control law computation.
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11, 3.3 logic Inputs

The logic inputs, IL_COMP Vx.TAS VAL and MCDE_ENG Vx AUTOPILOT. are a Boolcan
vector and a record enumeration tvpes, respective.

11.3.4 Servo Command Output

The stabilizer servo command output signal shall be conversed Yrom g Float
type to the derived tvpe, STAB COMMAND. with a range constraint ot -.. o +.
degrees.

11.4 Program Structure Requiremen:s

From a static standpoint, CALC_INNER_LOOP “x is incorporated Ir7o “he
program structure as shown in the «call/usage gzraph in Figure 1.0 troo o
dynamic standpoint. the multirate executive sTZructuire n Figure Lo ifepioss
CALC_INNER LOOP Vx's invocation.

il 1 Iteration Rate

As evident in Figure 1+, the izeration rate tor "l Liier 1 ooy T e

20 Hz

L. 2 Maximum Computalion Time

-
b
&

ALY

As indicated in Figure 15  the maximum allowdbhle Coarputation oo 1o -1
CALC_INNER_LOCP x is 6 milliseconds -

NN
et

L1.5 Input/Durous

»
'als

INPUTN '1
il MED Ux (L oSENS R SET o

X ~vpe IL SENSOR SET is :
4 record
. AGA DISPL ACA
: CP_STIUF STIOE
; P_RATE ©ANG RATE sioNAal

P_STICK STI
~ TR_AIRSPEED TAY
end record ,

~ type ANG RATE SICNAL is new FLOAT ratge . A o
T type AOA_SIGNAL is new FLOAT runwe o0 0 » St
type STICK_CMD is new FLOAT range | RSN

. type TAS_SIGNAL is new FLOAT range 10 ' Coe -i

. Y
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AUTOLAND_CMD V3 : PITCH_COMMAND

type PITCH_COMMAND is new FLOAT range -3. 6

MODE_ENG_Vx : AFCS_SELECTION

type AFCS_SELECTION is
record
AUTOPILOT . AP_SELECTICN
AUTOLAND : AL_CATEGORY
end record

tvpe AP_SELECTION is (ALT_HCLD, AUTCLAND, BASIC. VERT_NAV, CFF:

tvpe AL _CATEGORY is (CAT_1 CAT 2. CAT_3A. OFF:
IL_COMP_Vx.TAS_VAL © PAIR_VALIDITY
OUTPUTS

STAB_SERVO_CMD_"x STAB COMMAND

tvpe STAB COMMAND is new FLIAT range -1l 7. .0

o
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Ada Procedure CALC_INNER_LOOP_Vx

with DFCS_LOGIC . use DFCS_LOGIC -
with DFCS_RESOURCES . use DFCS_RESOURCES -
with VOTING PLANES . use VOTING PLANES | -
separateCONTROL 1AWS) o
procedure CALC INMER LCOP x is X

-- Local Declaration

S i
-- Place Static Variables in User-Jerfined

,4
[N
*5
o}

P

,..
-
i
-

Ju
3
v

o Ng L. e

L

-- the inner loop control law commands are generated from the
-- input signals, IL MED “x It an autopilot mode {5 seiected

-- via MODE _EXNG x|, the autopilot input command s s.rmed with {Q
-- the inner loop command. The output in elither case is ::
-- STAB SERVO CMD D

"N
U )

-- Add Demonstrat.:on Softrware Here

CHNL x_XCHK NUM = 5
XCHK STNCH x

erd CALC INNER L7P Ux

,
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12.0 ASSESS_SYSTEM PROCEDURE SPECIFICATIOXN

The fault logic states of all channels shall be evaluated <o

status of the total svstem with respect to the augmented fiving quali

the operational state of the svstem. Note that the operational starte

a lower bound on flying qual:tities level., which can be exceeded for
normal operational states. The svstem status ic should be consiste
with that given in Figure 6 of DOT. Faa <7- . but  zhe
requirements shall govern. YNone of the followl :

such effect would result from latching of input |

data flow.

Flving Qualities Sratus

The fault status of the augmented flv-bv-wire
shall be evaluated to determine flving qualities
following logic shall be implemented. where ACA den
TAS denotes true airspeed-
Normal Flving Qualities --> Minimum
AND Minimum
AND Both
AND Minimum ot
Commands “a.:

Degraded Flving CQualities--> (Maximum of
CR Maximum of
AND Minimum of
AND Minimum of

Commands a.

Marginal Fiving Cualities--> Minimum o
AND Maximum
AND Minimum

Tommanids

Cperatinni. X S AL
‘Double Fall Uperational: AND AL
ALl
ALl of
Tommanrds
Minimur
STick
AL

SV




Operational State 2 -->
(Single Fail Operational)

AND
AND

OR
OR
AND
AND
OR
OR
AND
AND
AND

CR

All Rate Gvros Valid
AND All TAS Valid
AND
{ (Exactly 3 AOA Pairs Valid
Minimum of 3 Computer Channels Valid
(Minimum of 3 of One Set of Stick Commands
Valid
Minimum of 2 of Both Stick Commands alid

(Minimum of 3 AO0A Pairs Valid
Exactly 3 Computer Channels 7Val
Minimum of 3 of One Set of S=
Valid

Minimum of 2 of Both Stick Commards

id

LCK Commands
Valid
(Minimum of 3 AOA Pairs Valid

Minimum of 3 Computer Channels alid
‘Exactly 3 of One Set of Stick Commands
Valid

Maximum of 1 of Other Se:z of S:tick Commands
Valid

Exactlv 2 of Both Sets of S:ticx Zommands
Valid )

Operational State 3 -->

(Fail Unsafe)
(Exactlv 2 AUA Pairs Valid
AND Minimum of 2 Computer Channels “alid
AND Minimum of 2 of One Set of Stick Cummands
Valid)
OR (Minimum of 2 AOA Pairs Valid
AND Exactlv 2 Computer Channels Valid
AND Minimum of 2 of One Set of Stick Zommands
Valid
OR (Minimum of 2 AQA Pairs Valid
AND  Minimum ot 2 Computer Channeis Va:id
AND  Exactlv 2 of One Set of Stick “ommands R
AND Maximum of | of Other Set of Stick Comrmanas
Valid)
atinnal State 4+ - > Maximum of 1 &7A Pair Vsl
ectively Depleted TR Maximum of [ Jompurter
OR Maximum of 1 Stick Commanu

127 Maximum Allowable Corputation Time

The maximum
milliseconds

allowable sub-frame time ftor this  Ccomparas oy
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12.4 Input/Qutput

CHNL_STATUS_V1, CHNL_STATUS V2,

CHNL_STATUS_V3, CHNL_STATUS V&4

IL_COMP_Vx

type IL_SENSOR_STATUS is
record

AVG_AOA VAL
CP_STK_VAL
LF_AOA VAL
P_STK_VAL
P_RATE VAL
RT_AOCA_ VAL
TAS_VAL

end record ;

FLY_QUAL_Vx

type FLYING_QUALTITIES is (UNFLYABLE, MARGINAL, DEGRADED, NORMAL)

FBW_STATUS_Vx

type PRI_FCS_STATUS

IL_SENSOR_STATUS ;

QUAD_VALIDITY ;

© QUAD_VALIDITY ;

QUAD VALIDITY ;

. QUAD_VALIDITY |,
: TRIAD VALIDITY ;

QUAD _VALIDITY ;
PAIR_VALIDITY ;

FLYING_QUALITIES ;

PRI_FCS_STATUS ;

OP_STATE_1) ;

77

BOOLEAN ;

is (OP_STATE &, OP_STATE 3, OP_STATE 2,

N
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Sy
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~ 4
b T~
: Ada Procedure ASSESS_SYSTEM Vx >
' R
o with VOTING PLANES ; use VOTING_ PLANES ; w
\ separate (DFCS_LOGIC) o
z procedure ASSESS_SYSTEM Vx is -
-
"~
_: -- Local Declarations (if any) P
N -- Place Static Variables in User-Defined Package(s) ot
:. :‘:.
. -- Using fault logic inputs CHNL V1, CHNL V2, CHNL V3, and CHNL V4 n;
b - -- along with IL_COMP_Vx, compute the system states, FLY QUAL_Vx and o
‘i -- FBW_STATUS_Vx, per the logic requirements in the English o
-- language part of the specification.
e o
9 :
Y begin -- Procedure ASSESS SYSTEM Vx
] P
(d .-
o« .. _.4‘
- -- Add Demonstration Software Here ”i
-- -
) CHNL x XCHK NUM = 7 ;
o XCHK_SYNCH x ; -- Call for N-Version Vote o
- end ASSESS_SYSTEM Vx ; N
' <~
! ~
.
B ‘~ h
P~ oY
b -
’. N
- N
: >
. ~
o i:
~ :}
: X
" .
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13.0 GIVE_WARNING PROCEDURE SPECIFICATION s
AP
a
Warning display output signals shall be generated based on internal mode and ®
fault logic varigbles to indicate control function status and availability. T
Information shall be displayed only when appropriate to inform the flight .i:f
crew; this corresponds to warning logic conditions other than "BLANK." o
LN
AW
DAY
13.1 Autoland Status 6"
The autoland status output, WARN Vx.AUTOLAND, shall directly reflect the ::
logic input signal, AL _WARN Vx, for both are of the same type. )
13.2 Augmented Fly-Bv-Wire (AFBW) Status ;
The AFBW status output, WARN Vx.FLY _BY WIRE, shall reflect the logic input :?
signal, FBW_STATUS_Vx, with the input state OP_STATE 1 mapping to BLANK. N
13.3 Flying Qualities Status "
»
Flying Qualities status, WARN_Vx.FLYING QUAL, shall reflect the input logic :.z
signal, FLY QUAL Vx, with the following correspondences: "
IMPAIRED_FQ --> Degraded Flying Qualities OR ih
Marginal Flying Qualtities OR o
Unflyable Flying Qualities.
3
BLANK --> Normal Flying Qualities. o
13.4 Master Warning Indicator ::f;

Each time a new warning state 1is first annunciated, a master warning signal,
FLASH WARNING Vx, shall be set to BLINKING. When acknowledged bv an
externally applied Boolean variable ACKNOWLEDGE being momentarilv set to
True, FLASH_WARNING_Vx shall be set to STEADY, where it shall remain until a
new warning is generated, or all prior warnings are terminated via the input
logic to this procedure. When no warnings exist, FLASH WARNING %Vx shall be
set to OFF.

13.5 Maximum Allowable Computational Time

The maximum allowable sub-frame time for this computation shall be 2
milliseconds.




13.6 Input/Output

AL _WARN Vx © AL_STATUS ,

tvpe AL _STATUS is (CAT_2_INOP, CAT 3 INOP, OFF) ;

FBW_STATUS_Vx : PRI_FCS_STATUS ;

type PRI_FCS_STATUS is (OP_STATE &, OP_STATE_3, OP_STATE_ 2, OP_STATE_l)
FLY QUAL_Vx : FLYING _QUALTITIES ;

type FLYING QUALTITIES is (UNFLYABLE, MARGINAL, DEGRADED, NORMAL)

ACKNOWLEDGE : BOOLEAN ,
| OUTPUTS |
WARN_Vx : WARNING_STATE ;
type WARNING_STATE is
record

AUTOLAND : AL_STATUS .

FLY_BY WIRE : FBW_STATUS

FLYING_QUAL : FQ_STATUS ;

end record ;

type FBW_STATUS is (OP_STATE 4, OP_STATE_3, OP_STATE_2, BLANK)
type FQ STATUS is (IMPAIRED FQ, BLANK) ;

FLASH_WARNING_Vx © MASTER_WARN ;

type MASTER_WARN is (BLINKING, STEADY, OFF) ;
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Ada Procedure GIVE WARNING Vx

with VOTING_PLANES ; use VOTING_PLANES ;

separate (DFCS_LOGIC) R
procedure GIVE_WARNING Vx is .
"=

rl

-- Local Declarations (if any) ;;

-- Place Static Variables in User-Defined Package(s) '

L3

-- Using the inputs AL_WARN Vx, FBW_STATUS,Vx, and FLY QUAL Vx,

-- compute the appropriate outputs to the Warning Display,

-- WARN Vx, and in turn, the Master Warning, FLASH WARNING Vx, per
-- the logic given in the English text part of the specification.
-- The Boolean input ACKNOWLEDGE should cause the Master Warning to
-- glow steadily, rather than continue flashing as should occur

-- at the onset of a new warning.

Pl A
(e 20 B }

g
L

begin -- Procedure GIVE_WARNING Vx

S SR L A A AT N

-- Add Demonstration Software Here

CHNL x_XCHK_NUM := 8 ;
XCHK_SYNCH_x -- Call for N-Version Note

end GIVE WARNING Vx ;
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14.0 TEST HARNESS SET-UP

Although it was planned that the testing of the software fault-tolerant DFCS
be done sequentially in non-realtime on a VAX computer, it was understood
that the four versions of demonstration software would.would normallw reside
in a quadruplex DFCS architecture. Hence, four parallel channels with double

fail-operational capability  were assumed. along with appropriate
sensor/effector redundancv. Note, however, tlat the test harness software
itself 1is mostly single string. The overall program organization to

mechanize all this is shown in Figure 23; here only Tasks DFCS_x_EXEC and
CHNL _x SYNCH are replicated four times, because they interface with the four
DFCS channels. All of the DFCS software, moreover, is effectivelv contained
within Tasks DFCS_x_EXEC in the Figure 23 representation.

The test harness runs interactively on a non-realtime basis, with test cases
applied through files readable by the test program. Considerable flexibilicy
exists to expand the variety and extent of testing possible. butr currentlw,
the primary testing mode is customary airplane closed-loop simulation. The
DFCS software is incorporated in the test harness as shown in Figure 24 for a
typical channel. All of the program units shown belong to the DFCS excep:
for the three shaded ones. As previously stated, the calling of Procedure
RUN_FOREGROUND_x in the test harness is done bv Task DFCS_x_EXECZ in the tes=:
harness, rather than by Procedure RUN_DFCS_EXEC in the actual DFCS sofzware
load module. Also, Procedure VOTE_RESULTS 1is called bw the test harnress
rather than by the DFCS software.

14,1 Test Harness Operation

At the outset of testing, the top-level program, Procedure RUN _ TEST
makes procedure calls to SELECT_OPTIONS and APPLY_INPUTS to initalize t
(see the listing in Figure 25a) based on prompted selections bv the user.
Following this Procedure START TESTING (see the 1listing in Figure 23b) is
invoked by RUN_TEST_EXEC, and actual testing ensues when entry is called to
each of the four DFCS_x_EXEC tasks (see the body part listing for Package
TEST_RESOURCES in Figure 25c¢). Normal testing then proceeds primarilv under
the control of Task TEST_EXEC (see the listing in Figure 25d). For each test
cycle, it calls Procedure APPLY INPUTS. As indicated 1in its source code in
Figure 25e, this procedure can effect open or closed loop testing and faulted
or fault free testing for a predefined number of cycles. Sensor and logic
inputs can be altered independently.

Once a voted DFCS procedure called'by Procedure RUN_FOREGROUND_x completes,
it calls Procedure XCHK_SYNCH x as 1listed in Figure 25f. These four DFCS
procedures are the only ones modified whatsoever for test harness use.
Basically, cross-channel voter  synchronization  would probably involve
hardware oriented instruction that would be cumbersome to run on a general
purpose computer. Furthermore, the effort would be difficult to justify for
the type testing undertaken here. These procedures still perform the type
conversions and voted value corrections as required in the DFCS application,
but they make entry calls to test harness task, CHNL x_SYNCH, as defined in
Figure 25g.

83

VIR LSS,

.l' A .0, .‘

|

AR AR A



ydean (ie)p weadoaq 3Is9l [Ievi=sng - €7 aandyyg

Tyvmy 40S

SD3G IHL 40 gavd

S LINN WY HIOud
Q3AYHS INO JHi @

. S%Sv)
i 23IX3 x SD4Q IH1L
110A SS3SSy 51710534 3104 NIHLIM QINIVINO) S

FUVYML40S SO4Q 1Sun @

Q310N ISIMYINILO
SSITNN DNIYLS ITDNIS
Sl SSINHVH 1S3ii @

310N
23x3 1531 zuzﬁ%.nmquru = =
ISNOJSIY J01UM J1VHOILNI viva avay ¥IAYIH ILI1UM
~r
tdG ) N3dO) (4001 Q3S01D) @
1S40 v}
33IX3 *x $140 - -~ = -
SNLIVLIS 1L1¥M SHOSNIS 1Llvadn 219071 31vadn LHOIN4 JLVYINWIS IN3LX3 AYINO 31907 av Iy
INILSIL L¥VIS S1NdNI Aldd¥ SNDILdO 1D313S
J3Ix3 1531 NN
v s Yy ' § A AR -‘- L3 \.\\\\\\ MO L .-‘..-..,....\\, .w....w.f.f..v.f. LR NN RGN e ..-..\N . .




v
oy v

T Y Y Yy - il ol el e
LI B G 1.\%1..-.- ERENNES
R L T AP -v.ﬂ-.l

v -
....‘--
P

§ ' (ssauaey 31s3] u) ydeig [1e) wealdoid $34d - %z 31n31yg

.

.
v S

SSINUVH 1SIL IHL

40 1HVYd IHY SLINND .
WYHDIONd QIOVYHS @ ..L
IDIVNNIT v D) 4
$D40 TYWHON T4
o JLVIIANT SINIT GIHSVa @ (AdOD 1) ..A
Q3104 ISIMHIHLO _ 0
SS3ITINN SLINN $1INS3Y I10A R
« WYY¥D0Ud 13T1IvHvd v @ _q..l.l —_ — — At
» SILON l— _’ ...A
\ (@314100W)
b X HONAS MHOX
b 1
: XA 4007V ¥INNI DTVD xATaNYI01NY DTVD XA SHOSNIS TV IDVNVW XA SYOSNIS 11 IDVYNVW A N
s
' y
. -
. A
4 xATONINNYM 3AID xATSNLY1S 3AID xA“"300W 12373S XA WILSAS SSISSV XA TINNYHD SSISSV . ..A
. * LF » * o
& & ....\
.-A
= p .
A x QNNOYDIYOd NNY -
q |m o,
) r——— == x..\.
. -'A
; {Q31NIWIdWI LON) R
b - - - quhx
x "33x3 SJ40 NNY %
7’ -LA
>
. oA
[
on
A
, o
\< .-l'
’-
4 X
. >
A N
. <l'
/4
' )
s B
: ’
., £
h Y
’

» v WV . - S J 4 Pd DL <. ,.-..\ = 5 % ~x_ v > O R A -




T AL <’
CAANAAL AR

e 2 €

l.‘.l}

-,"l" .

v

DNENEN
I.I‘A

Y

“.5';'15\
. asn 2

-. :'l «
ARRINENS

e
o
TR

» %

L Y

o

. .71
PR

N Py

L

AN

'\z R A

Copy av ... . . :
pvermit fulis, |

eddr™hon

.
-l
-
-

i AR S g TrSioofla R

Srhze, ve SO0 UTUL anv¥ET 1S
-

LY R

K = - N - - g - v - - B

[ SR - - “

Se oo st - T R s

- - - - ~ [ = <
Span™_ T %777 PR 4. acs
Ll SO O

Figure 25a - Test Harness Program Unit Listing -
Procedure RUN_TEST EXEC -
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4 -Ve Vote chronizatio

Including the top-level program for the N-version demonstration, Procedure
RUN_TEST_EXEC, ten Ada tasks are active from the outset of program execution.
These 1include the four test harness DFCS executive programs, Task
DFCS_x_EXEC, four secretary tasks that regulate voting plane synchronization,
Task CHNL_x_SYNCH, and the test coordinator, Task TEST_EXEC. The secretary
tasks needed to effect a four-way synchronization using Ada inherently two-
way rendezvous. These tasks are declared in Package TEST_RESOURCES per
Figure 25c. Intertask communication as depicted in Figure 26 continues so
long as the master control Boolean, RUNNING, is True.

Initially, entries to Tasks DFCS_x_EXEC are called from Procedure
START_TESTING, namely, DFCS_x_EXEC.ENGAGE for each of the four channels. As
each voted DFCS applications procedure completes, the associated Procedure
XCHK_SYNCH x calls entry to the corresponding secretary tasks with a
CHNL_x_SYNCH.READY statement. When the CHNL x SYNCH accepts the entry call
and relays it to Task TEST_EXEC, both DFCS_x_EXEC and CHNL x_SYNCH are
suspended. Then the other channel tasks are activated one by one until all
have reported in to  TEST_EXEC's timed select loop that accepts
TEST_EXEC.CHNL_x_READY entry calls. After checking to ensure that all DFCS
channels are at the correct voting plane, Task TEST_EXEC calls Procedure
VOTE_RESULTS and analyzes and records the results.

TEST_EXEC then checks for additional test case selections. If so, it calls
applies them and one by one releases DFCS channels for the next test cycle.
This is done by a CHNL_x SYNCH.RESUME entry call that completes two
rendezvous and permits DFCS_x EXEC to become active again. The next DFCS
applications module in RUN_FOREGROUND x is then executed, and the next voting
plane is sought via a repeat of the four-way synchronization process. If
Task TEST_EXEC determines that all test has been completed, it sets RUNNING
to False and terminates. The rest of the tasks then terminate as well.

4 osed- i atio

The closed-loop simulation set-up is depicted in Figure 27 1in a state
variable form that coincides with the external DFCS sensor/effector signal
interfaces. The source code for the simulation is presented in Figure 28.
Basically, it reads in flight case data from an interactively named file,
trims the airplane under selected conditions, and commences to generate the
array of 1inner and outer loop sensor signals based on the input
STAB_SERVO_CMD_x. The output signals undergo data type and scaling changes as
appropriate. Signal fan-out for multiple sensors and fault insertion
faculties reside in Procedure UPDATE_SENSORS, which 1is also called by
Procedure APPLY_INPUTS per Figure 23.

4. 4 A ve

During DFCS software versions, the test harness was modified for single
channel use. Basically, this 1involved disabling all but one particular
channels tasks, and tailoring input test data for 1limited scope or unit
testing. Some data object visibility problems were encountered that
necessitated selective raising of the variable namespace so that the test
harness could import and access certain variables. Basically, the test
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ANGaRATELSTGWAL(P=IUT) 3

e e
(1]

e~c ol i rarllual g

Figure 28 - Procedure SIMULATE FLIGHT Listing (3 of 3)
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harness could import and access certain variables. Basically, the test :
harness was readily wusable, and naturally provided all the Ada package A
objects needed for testing. Test case definition was problematical because

of the data dependencies among applications program units, but test case =
application via the harness was quite convenient.

14.5 Compilation Dependencies o

The total DFCS/test program is exceptionally complex for its lines of source
code because of the N-version voting requirements and the test observability

requirements. While the procedure/task calling structure in Figure 23 is .
rather straightforward, the compilation dependencies are quite tortuous, as N
Figure 29 reveals. They can complicate recompilation following essentially

minor code changes. These dependencies are inherent in Ada, and they are the :
price of global consistency checks among program units. This figure, »l

however, makes it clear what recompilation sequences are required, and hence
facilitates orderly software development,
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15.0 RESULTS AND CONCLUSIONS

The all-up test harness was run with a modest amount of further development.
Despite prior awareness of the criticality of specifications (e.g., see
Reference 11), several iterations of specification de-bugging were necessary
to eliminate associated software faults. The Ada program structuring
techniques seemed to work well,-"with the exception of raising the visibility
level of many variables for test observability or N-version voting. The
software fault tolerance seemed to work well, but further study of the voter
mechanisms is indicated.

Since some of the programmers had no prior Ada experience, the incidence of
software faults was somewhat high. But all considered, programmer usage of
Ada was really quite good. Variations among versions was very substantial,
alleviating concern that Ada restrictions would hamper independence of
software versions. The richness of Ada admits diverse ways of implementing
the same functionality, provided the encompassing design does not encroach
beyond program unit interfaces. This means that N-version programmers must
have freedom to define and control all data objects at the level they are
developing, a rule that was learned by early and unsuccessful initiatives to
the contrary.

A summary critique of the effort 1is presented in Figure 30, and expanded in
the following sub-sections.

15.1 N-Version Software Demonstration

Basically, the N-version demonstration was satisfactory. Ample faults
indigenous to the four versions permitted affirmation of the fundamental
adequacy of the N-version approach, but some questions remain due to the
limited scale evaluation possible. Still, the degree of complexity of the N-
version software was surprisingly high, largely due to mode and fault logic.
The problems with the specifications resided mostly 1in this area as well.
The preparation of adequate specifications was found to be especially prob-
lemsome. Hence, our continuing interest in formal specification has been
intensified. Larger-scale logic definition problems may dictate some new
type verification tools with respect to correctness and completeness.

In the course of N-version development, it was also discovered that the top-

level design had been too encompassing. For example, the definition of data
types and objects for the applications programs units was found to be best
left to the - individual programmer's discretion. This enabled greater

independence among versions and better overall program structure. At the
same time, the low-level N-version programmer defined packages were found to
be very useful in a variety of ways, such as containing saved variables and
text for newly defined procedures. The ultimate variation among versions was
appreciable, alleviating concerns that Ada would be too restrictive.

15.2 Methodology Extensions

Basically, the Ada package partitioning technique produced qualitatively good
results in limited use. Certain benefits accrue to source code compactness
and comprehensibility. For example, the way in which data objects were
declared obviated the need for the N-version program units to have parameters
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passed to them, thereby making the source code for Procedure RUN_FOREGROUND x
far less cluttered than it otherwise would be. Had it not been for the
raising of the namespace for voting or testability, this absence of parameter
passing would have been accompanied by reductions in the data object
namespace. Specifically, some of the objects would have been declared in
package bodies, rather than in specification parts.

The same package definition approach 1lent itself to "detached" test harness
observability of the voted DFCS data objects in that the DFCS code was
unaffected by the test harness except for certain object visibility
elevations. This passive observation capacity 1is of course inherent in the
Ada language. For unit checkout/de-bugging, the test harness was set up to
run for just one DFCS channel task. This worked well, but it prompted
concern over unit testing in Ada in general. Basically, access to the
entities required of all interfacing program units seems to complicate unit
testing. Since the single channel test harness alleviated such problems,
perhaps this type tool may prove widely useful.

Despite the relatively modest size of the overall program, a significant
effort was involved in coping with compilation dependencies among Ada units.
Such dependancies are complicated in the combined DFCS/test software. More
generally, they are the price of Ada’'s global syntax checks, so the only
alternative is the purposeful improvement of program structuring relative to

compilation dependancies. This was  accomplished using graphical
representations of the kind illustrated in Ref. 17. This technique yielded
the perspective to lower the levels of some dependencies. It also made

recompilation demands more apparent. Based on this experience, it would seem
appropriate to include compilation dependencies 1in the characterization of
Ada program structuredness.

e ness exibjilit

The test harness was surprisingly compact and extensible, as well as very
serviceable. Although the harness met essentially all of its requirements, it
was necessary to modify the test article software at the lowest, hardware-
oriented level. This was considered reasonable in the absence of target
computers, for the tradeoffs for simulating synchronization hardware was very
unfavorable. Note that testing the software in flight computers would
normally enable visibility of any address location, independent of program

structuring of the namespace. This suggests that the raising of the
namespace for test observability purposes might not be necessary under a dif-
ferent testing senario. This 1issue, together with the Ada unit testing

question, prompts further investigation into Ada testing techniques.

To date the test harness wusage has been somewhat limited compared with its
potential. The test driver and test instrumentation/monitor are inherently
adaptable and are being augmented for protracted, multiple test cases. The
aforementioned DFCS logic complexity, in part, motivates this, along with the
prospect of probing for persistent software faults. These are of major
concern because they are the kind that software fault tolerance must cope
with. Another pending use of the harness 1is a proposed investigation of N-
version voters.
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13.4 Conclusions
The following conclusions have been formulated as a result of this project:

o Calibration of benefits of N-version software are needed that
quantitatively validate its favorable impact on system reliability

o Complexity metrics are needed to quantitatively delineate design techniques
or alternatives relative to program structure

o Means to characterize the overall structure of Ada programs are desirable
that acknowledge compilation dependancies

o Ada testability needs to be explored in terms of data object visibility
versus preferred program structuring alternatives

o Specification technology needs to be improved to facilitate orderly N-
version software development and preclude specification oriented faults.

Despite the extent of these follow-on recommendations, the investigation
results were quite favorable with regard to improved structuring techniques,
high-fidelity multitasking testing, and N-version software implementation.
The identification of further needs are actually an indication of progress.
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Appendix A - Version 3 Applications Software

Altogether, six versions of DFCS applications software were generated.
Ulcimately, two were required for specification de-bugging. The following
version is provided as an example of the Ada source code produced. Note that
the programmer defined Ada packages were a key to approaching version
independence in that any desired data types or objects could be declared
there. Also, the packages permitted the definition of saved variables as
needed for digital filters or logic latches, and the shortening of procedure
bodies by distributing source code. The sequence of program unit listings in
this appendix is:

Figure No, Title Page
A-1 Procedure SELECT_MODE_V3 A-2
A-2 Procedure ASSESS_CHANNEL V3 A-4
A-3 Package CHNL_ 3 ASSESSMENT A-8
A-4 Procedure GIVE_STATUS_V3 A-9
A-5 Procedure MANAGE_AL_SENSORS_V3 A-10
A-6 Package CHNL 3_AL_VOTER A-12
A-7 Procedure CALC_AUTOLAND V3 A-17
A-8 Package AL_RESOURCES A-18
A-9 Procedure MANAGE_IL_SENSORS_V3 A-24
A-10 Package CHNL_3_IL_VOTER A-26
A-11 Procedure CALC_INNER_LOOP_V3 A-30
A-12 Package IL_RESOURCES A-33
A-13 Procedure ASSESS_SYSTEM V3 A-34
A-14 Procedure GIVE_WARNING_V3 A-37
A-15 Package WARNING_CHECKS A-38

A-1
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with
sepa

benayl
AL_w
case
when

wnen

when

when

wnen

Ada procedure SFLFCT.MUDE. V3.ADA

VOTINGLPLANES ; use VOTING_PLANFS ;

rate(VFCS.LOGIC)

procegure SELECT_MOUE.V3 {s

n
ARN_V3 := BLANK
MODE_SEL.AUTOPILOT 1s
ALT_HOLD => MUDELENGLVI,AUTOPILQOT = ALTLHOLD
MODELENG.V3I.AUTOLAND = OFF
RASIC => MODEL_ENGLV3ILAUTUGPILUT = BASIC
MODELENGL.V3.AUTCULAND := QFF ;
JFF => MODELENGLV3I AUTOPILOT $= OFF
MODELENGLV3.AUTOLAND = QFF ;
VERT.NAV => MODELENGLV3 AUTUPILOT = VERT_MNAV
MODELENGLV3,AUTOLAND s OFF ;
AUTQLAND =>
AUTOLAND._ENGAGE.LOGIC
declare
tyoe VALIDITY.CNT {s
record
GS : INTEGEKk range 0..4 = 0 ;
NA : INTEGER ranae 0,.3 := 0 ;
RA ¢ INTEGFR rance 0,.4 := 0 ;
end record ;
NUMLVAL s VALIDITY.CNT
beain
MODE.SEL.AUTOPILOT := AUTOLAND ;
for INDEX in 1..4
lo0p

{f AL.COMP_V3.GS_BEAM_VAL(INDEX) = TRUF
then NUM_VAL,.GS = NUMLVAL.GS + 1
end 1t ;
1t AL_COMP_VI ,RAD_ALT_VAL(INDEX) =
then NUM_VAL,RA = NUMLVAL.RA + 1 ¢
end {£ ;

{f INDFX /= 4
then L1f AL.COMP_V3I N_ACCELAVAL(INDFX) =
then NUM_VAL,.NA NUM_VvAL.NA ¢+ |
end (¢
end ¢
end loop

IRYF

Figure A-1 Procedure SELECT _MODE V3 (Sheet 1 of 2)
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case MODELSEL.AUTOLAND {5
wnen CATLIA =>
1 ¥4 FAWLSTATUSLY3 = OP_STATEL1l ana NUM_VAL.NA 3 3
ana NUM_VAL.GS = 4 and NUM_VAL.RA = 4
then MODELENGLVI AUTOLAND 22 CAT.3IA ¢
elsit FAW_STATUS.V) >3 NP.STATEL2 and NUM_VAL.NA 3= 2
«Nd NUM_VAL.GS > 2 end NUM_VAL.RA >z 2
then MOOFENGVIAUTOLAND t15 CATL2
ALWARN_V3 3 CAT.I.INGP ;
elsif FAWLSTATUSLV] < OP.STATE.2 or NUMLVAL.NA = 1
or NUMLVAL.GS T 1 orFf NUMaVALRA 31
then MODELENGLVI,AUTOLAND = CATal §
AL_WARNLVY 33 CATL3LINOP ;
else MODF_ENGaV3. AUTOLAND 13 OFF ;
ALOWARN_VI 2 CATLILINUP
end 1t )
wnen CAT.2 =>
1t FBu_STATUSLVI >= OP.STATEL.2 and NUM_VAL.NA >3 2
and NUM_VAL.GS >z 2 and NUNM_VAL,RA >3 2
then MODELENGLVILAUTOLAND 3 CATL2
elsit FAW_STATUS_.VI < OP.STATE.2 or NUMLVAL.NA s )
Of NUM_VAL,GS = 1 Or NUMLVAL.RA = | 7.7

&

tnen  MODE_ENG.V3I AUTOLAND 1= CAT-1 ; “
AL_WARN_V] $3 CAT_2.INOP ; I
else MODE_ENC.V3I.AUTOLAND :3 OFF ; .
ALSWARNLY3 33 CAT_2.INOP 7 -
end 1t 3 .
wnen CATo1 3 B
1t NUM_VAL.BA >3 3 and  NUM_VAL,.GS >z 1
and NUM_VAL.RA 5= | ]
then  MODF_ENG.V3, AUTOLAND 13 CAT-1 ; .
else MODE_EMG.V), AUTOLAND 3z OFF ; "o
end 1t 5
wnen UFF 3> »v e
null R
end case ; P‘t
)

end AUTOLANDLENGAGELLOGIC 1

end case ;

CHNLLIXCHK_NUM 33 | ;

XCHEK_SYNCHLI ) ee Call tor N=version Vote
end SLLECTLMODELV] ;

q?i’ll

Ny
vahY
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Figure A-1 Procedure SELECT MODE V3 (Sheet 2 of 2)
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Ada Procedure ASSESS.CHANNEL.V3

with CHNL_3L.ASSESSMENT ; use CHNLL3LASSESSMENT
witn CHANNEL.RESOURCES ; use CHANNEL.RESOURCES
separate(OFCS.LOGIC)

procedure ASSESS.CHANNEL.V3 is

begin
case CPU_COUNT {s =« Computer Channel
when 0 => == Normal
it CMPTR.3,CPULCHK_OK = FALSE
tnen CPU.CHK ¢= FALSE ¢
CPULCOUNT := 1 ¢
end 1f ;
when 1 => == Faulted
if CMPTKw3.CPULCHK_OK = TRUE
then CPULCOUNT = «1 ;
end 1f ;
when =10,,=1 => =« Heallina

if CMPTR&3.CPULCHK.OK = TRUE
then CPULCOUNT := CPULCOUNT =~ 1 :
it CPULCOUNT <= =19
then CPULHEAL = CPULHEAL + 1
if CPULHEAL > S
then CPULCOUNT
else CPULCHK

-e

O AN
o)
we (32 we
[ o
-e

CPU_COUNT
end (£ ;
end 1f
else CPU_COUNT 3= =1 ;
. end ¢ ;
when 2 => -« Failed )
CPU.CHK := FALSE ; PN
end case ; N
Y . ~
p case INPLCNUNT |is == 1/0 Processor ™
wnen 0 => -« Normal A
{¢ CMPTR.3.,I0_PROC.OK = FALSF X
then [OP.CHK  := FALSF : N
’ INP.COUNT := 1 .
Y end {f ;
. vhen 1  => == Faulted
N 1f C“PTR.3.IN.PROC.OK = TRUE
. then IOP.COUNT := =i ;
N end ¢ ;
)
}
: Figure A-2 Procedure ASSESS CHANNEL V3 (Sheet 1 of &)
.
.
.
N
) A=4
'
F R

-
. - ~ L] ~ - ., .. L) - ~ -y -
e Y N A A AN e e K



W

7Y RS R AR T U T T U E Y I LAY Y TR T VY XX

- e - w W T wme—w - AP o &

when '10. .'1 =>
if CMPTR.3.10_PROC.OK = TRUE
then I10P.COUNT := TOPLCOUNT = 1
i€ TAQP_COUNT <= =10
then IQOP_HEAL := TOP.HEAL + 1
if IOP_HEAL > S
then 10P.COUNT
else IOP.CHAN

-e

24N
0

we S we
™
-e

I0P.COUNT
end 1f ;
end {f ;
else INP.COUNT := =1 ;
end {f ;
when 2 =>

I0P.CHK := FALSE ;
end case !

case MUX.COUMT 1s .-
when 0..2 =>
it MUXLCOUNT = 0
then if CMPTR_3,“UX.RUS.OK = FALSE
then MUX_COUNT = 1 ;
end if
else it CMPTR.I . MUX_BUS.OK = FALSE
then MUX_COUNT := MUX.COUNT + 1 ;
i1t MUX_COUNT >= 3
then MUX.CHK := FALSE

end £ ;
else MUX_COUNT t= 0 3
ena {f
end ¢t ;
when 3 =>

1t CYPTRLI MUX.BUSL.UOK = TRUE
then MIXL.COUNT := =1 7
end ¢ ;
when =50.,.~1 =>
it CMPTRLI MUXBNSLOX = TRUE
then MUXLCOUNT := MUX.COUNT = 1
it MUXLCOUNT <= =50
then MUX_HEAL := MUX_HEAL + 1 ;
it MUXLHFAL > 6
then MUXLCOUNT := 4 ¢
else MIXLCHK t= TRUE
1= 0

MUX.COUNT
end {f ;
end it
else MUXL_COUNT := =1
end ¢ ;
when 4 =>

CPU.CHKX := FALSE ;
end case ;

Figure A-2 Procedure ASSESS CHANNEL V3 (Sheet 2 of 4)
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case ACTR_CQUNT {s
when 0..2 =>
it ACTR.COUNT

then if SERVOL3I,ACTUATOKR.ON =
then ACTR.LCOUNT := 1 ¢

end {f ¢

else ¢ SERVO_3,ACTUATORLON =
then ACTR.LCOUNT := ACTR.COUNT + 1

ACTRLCQOUNT >= 3

then ACTR.CHK := FALSE

t

.
’

else ACTR.COUNT := 0

if
end |
end {f
end (¢ ;

wnen 3 =>

it SERVQ.J3.ACTUATORP.ON = TRUF

then ACTR.COUNT
end {t ;
when =50,,~1 =>

-1 ¢

it SERVOL3.ACTUATOR.NN = TRUF

then ACTR_COUNT

ACTRCUUNT =

it ACTR.COUNT <= =50

thern ACTRLHEAL

t= ACTR.HEAL + 1}

1¢ ACTPLHEAL > 2
then ACTR.LCOUNT := 4 ;
else ACTRLCHK ¢ TRU
ACTRLCOUNT 2= 0 ;
end {f ;
end if
el1se ACTRLCOINT = =1
end {¢ ;

when 4 =>

ACTRLCHK ;= FALSE

end case ;

Figure A-2 Procedure ASSESS_CHANNEL V3 (Sheet 3 of 4)
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case LVDTL.CUUNT (5 == LVvDT Sensor Checks
when 0,,3 3> == Normail
it LVDT.COUNT = O
then ¢ SERVOLI, LVDT_VALID = FALSL
then LVOT.COUNT := t
end {t
else |t SERVOLI,LVOTLVALID =z FALSE
then LVOTLCOUNT 3= LVDI_COUNT « 1 ;
1t LVUTL.COUNT >s 4
then LVDT.CHK t3 FALSE )
end 1t ; B

eise LVDT_COUNT 3= 0 o

end it 3 -:;

end 1t } "

wnen 4 => e+ Faulteq oy

1t SERVULI,LVUTLVALID 3 ThUL "t

then LVDT.COUNT 13 =1 ; :7,‘_
end it ; -
wnen =50,.=1 2> == Healing ’.

1f  SFRVO.3,LVDT.VALID = TRUE sy

then LVDT.CQUNT := LVDT.CUUNT = 1 WA

it LVDTLCOUNT <=z =50

. 4
.
.

then LVDT.HEAL :2 LVDT.HEAL ¢+ 1 -
{t LVDTLHEAL > 2 .
then LVOUTLCOUNT 3 5 RS

else LVDTLCHK tz TRUFE
LVDOT.CUUNT t= 0

10

end {t ;
end 1t :
else LVDT.COUNT 313 =1 ;
end 1t 3
when 5 2> e= Fatleg

LVNTLCHK 32 FALSE
end case

CnNL_STATUS.V] := CPU_CHK and TOP.CHK and MUX_CHK ana ACTk_CHN
and LVDOT.CHK and SERVJILI.PORERLAVAIL ¢

ee Ng Neyersion vote Taken Because Status {s Unique to each (hanney

end ASSESSLCHANNELLV)

“(..(' l"llllq . I?
2
a

I"a'f
y ?u’-’n’-

¢

Figure A-2 Procedure ASSESS_CHANNEL_V3 (Sheet 4 of 4)
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Ada Package CHNL.3_ASSESSMFENT.V3

nackage CHNLL3_ASSESSMENT 1is

INTEGER range «10,.2

CPU_COUNT : HE I ]
TOP.COUNT ¢ TNTEGEPRP range =10,,2 := 0 ;
MUX_COUNT ¢ INTEGER range =50,,4 := 0
ACTR.COUNT ¢ INTEGER range =50,,4 := 0
LYVDTL.COUNT ¢ INTEGER range «5%0,,5 := 0

CPULCHK, IOP.CHK, MUX.CHK, ACTR.CHK, LVDT.CHK

RQOLEAN := TRUE ?

-

CPU_HEAL : INTEGEFR range 0..5 := 0 ¢
TUP_HEAL ¢ INTEGER range 0.5 2= 0
MUX_HEAL ¢! INTEGER range 0,,6 2= 0
ACTK.HEAL ¢t INTEGER range 0,.,2 3= 0
LyNDT_HEAL * INTEGEP range 0,.,2 := 0 ;

end CHNLLJI.ASSESSMENT
package body CHNL_3ILASSESSMENT s
beain

null ;
end CHNLa3_ASSESSMENT

Figure A-3 Package CHNL_3 ASSESSMENT

T N e T P o N N S
T SR A A S S G A

P L
AR

ALl
A 8 S S A

P

-2

vy e Y YW
P N A

b )

1

NN NS e

e

"r.b’ R o

“»

g™ g
i

g
7

e h

P
.l 'l

N o
[

v

ey

":’5(""""

e
'.&

PR
A

&

v

" .
AN N

-y

-

. -.'-{.
'&,4.1

o« v ‘.' o
*

P L bl

\‘I.I.I -



(TN ] ~ tat PN N TR FRYX $°2.3°2 4'a §ig° La'dia 42 AiaY g Ba Va0 0o o7 @gP ol € f Vol 028 0.4 baD Vol Nl S R 0D MR Oh 0o - RN Lol *

Sy
Pafels

: ',
X NG
) v
-: 3
. ‘-
% A7)

)
Ada Procedure GIVE_STATUS.V3 f‘
: Seesesssscccccevmcccccecann. &;
a0
o)
; with VOTING_PLANES ; use VATING_.PLANES ; e
separate(DFCS.LOGIC)
procedure GIVE_STATUS.VI is "
v,‘\
beain =
ANNUNLV3 . FLYLQLTY := FLYZQUAL.V3 ; P!
case MODE_ENGoV3,AUTOPILOT is A
wnen UFF => gg.
s ANNUN_V3,AFCS_STATUS t= AFCS.DSIENGAGED ; )
: ANNUN_V3, AL_PRNG-DTSP t= (1..5 => FALSE) : s
. ANNUN_V3, AUTOPILCT_MODE := OFF ; >
when AUTOLAND => 2
1f AL.PHASE.V3 = AUTOLAND_INOP S
then ANNUN_V3I.AFCS_STATUS t= AUTOPILOT-ENGAGED ; )
; ANNUN_V3 . AUTOPILUT_MODNE t= BASIC ; Ng

. ANNUNL.V3.AL.PROG.DISP t= AUTOLAWDZENGAGLD -
. else ANNUNLV3,AFCS.STATUS $= AUTOPILOTLENGAGFD ; o
~ ANNUN_V3,AUTOPILQT.MODE 1= AUTOLAND e
8 ' case AL.PHASE_V3 {s R

when AUTOLAND_INQP => ;" ‘

ANNUN_V3,AL.PROGLDISP := (1..5 => FALSE) : N

when AUTOLAND_ARMED => N

ANNUN_V3,AL_PROG.DISP := (1 => TRUE, N,

2..5 => FALSE) : v

.when GLIDESLUPE-TRACK => N

AMNUN_V3,AL.PRUG.DISP(2) := TRUE : s

o when DECISIONLALTIIVUDE => <.
ANNUN_V3I,AL_PROG.DISP(3) := TRUE : e

when ALEKT<ALTITUDE => -

; ANNUN_V3,AL_PRGGDISP(4) := TRUF : e
when FLARE => N

. : ANNUNLV3,ALLPRUGLDISP(S) t= TRUF "
end case ! .

end (£ ; o

when others => O

ANNUNLV3I,AFCS.STATUS t= AUTOPILNT-ENGAGFD ; NE

> ANNUN_V3 ,AUTOPTILOT.MODE t= MODE_ENG.V3.,AUTOPILOT ; s
‘ ANNUN_V3 , AL.PKOG.DISP t= (1..5 => FALSFE ) : "
end case ; )

. CHNL-3.XCHK.NUM = 2 .
. XCHK_SYNCH.3 ; o~
c-\i

: end GIVELSTATUS.V3 ; o~

Figure A-4 Procedure GIVE_STATUS_V3
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Aga Proceaure MANAf L AL SEHNOORSLV S

,
witn CHal _o3aALLYCTEK use CHNLLIALLVOTER ;
. witn DFCSLLUNRIC use CFCS.LUGIC,
witn VOIINGAPLAWNFS ; use VONTINGLPLANFS ;

separate (UFCS_ReSOIKCES)
proceaure MANAGE_AL.SENSORS.V] 1S

. we s

GS-FLAGSLIN, GS.CUMP_IN, GS.COMFLUUT, RALFLAGSLIN, RALCUMPaLN,

RALCONPLOUT ¢ BUOOLLVECTUR(1..4) 3
NALFLAGSLIN, NA_CUMP_IN, NA_CUMP.QUT
t ROOLLVECTUR(1,.3)
NS_STGNALS, RALSIGNALS ¢ REALLVECTOR(1..4)
Na_sTGNALS ¢ REALLVECTUR(1..3)
GS.MFD, NA_MFD, RA_MED s FLOAT 1

e w» ve

neagyin

for INCEY {n l..4
lonp
C3al T AGSIN(TNDEX) 33 ALLFLAGS,GS.BEAMLVALCINDEA)
PALFLAGSLIN(INDEX) := AL.FLAGO.MAVLALTLVALCINUEX) 3
end lcop
tor ITaDEX 1n 1..3
100p
NALFLAGSZINCIGNEX) := ALLPLAGS . NGACCELLVALCINDFX)
end loop

CHX _AL.FT AGOLIN(GS_FLAGSLL, 1, 4)
CX AL.PLAGSLIN(NALFLACSLIM, 2, 3)
CRK ALLFIAGSLIN(PALFLAGSLIN, 3, 4)

. we we

for Tnlex in 1..4
loop
GSSLANALS(TWDEX) = FLOAT(GS.BFAMDEV(INDEX))
RALSIGNALS (TuDEX) 3= FLOAT(RADLALTITUDE(INDFX)) 3
ena Lo0p ¢

for InleX tn J..3
1000
NALSTIGNALS(INDEX) 13 FLOATINORMLACCE' (INDEX)) @
e~a loep ¢

VUTELALLSENSNHS(FSLOTGNALS, 1, 4, GSamEL) ¢
AL_HFLLVI, GS.DFY 32 PEAM_DEVLSIUNAL(GSLMED) ¢
TUTE ALl SENSORS(NALOTGNALS, 2, 3, NA_MFD)
ALLMFLLVI NLACCEL 3= ACCELLSTUNAL(NALMEDL) ¢
VUTELALLScMoNKS(RALSTGNALS, 3, 4, RALMFD) ¢
ALLMEULY Y, RAPLALT = RADLALTLSTUNAL(RALMED)

= (Cneck Sersor
e Flay irput
== Vdalidities

Select
meglian
sensor
sSigrals

Figure A-5 Procedure MANAGE AL SENSORS V3 (Sheet 1 of 2)
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1t MYLTURN then

FHK_FAULT TUGLC(G5L.5TUNALS, fRS.MFD, 1, 4, G5.COMP_OUT)
CHK_FaULTLLUGLIC(NALSIGNALS, NA_MED, 2, 3, NALCOMPLOUT)
FaK_FAULT_LUGIC(HALSTGUNALS, RALMED, 3, 4, RALCOMPLNUT)
My_IUKM 2= FALSE 7

A

~= (Compare
== InPuts »
~= Cneck

we we

-

else MY.TUPN i3 TRUe ; Iy
end 1t ; o™

== (Comparators A

for InNDEX in 1..4 N,
long QJ

L*l

AL_COMP V3, GSLREAMLVAL(INDEX) 15 GS.CUMP_UUTCINDEX) 3
AL_COMP_V3,NaACCFLVAL(LINDEX) 3 NALCUMPLOUTC(INUFX)
end loop ;
for InDeX tn 1,43
lo0g

o
g

.'. '\‘,\."-

AL_COMP_V3 RADLALT.VALCINULEX) := RALCUMPLUUT(INOFR)
end loop

“"A"‘l
BN NS S5

CHNLLJ=XCHKNUM 3= 3
XCHK_OYNCHLY 2 e~ Call tor N-vers,on votre

s 4

v

B

andg MAMAGELALLSENSNRSLVYY

Y;UE{VEz

&

[

5, J

DO
A A
. A

o
)

sidqe®
27

¥

Y
[N

2

i;.pﬂ,

-.‘_\’:
o %4

\.l
e

~d‘: T e .
el

Figure A-5 Procedure MANAGE AL SENSORS_V3 (Sheet 2 of 2)
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Package CHNL_JI_AL.VUTER },
esscccscssernasveasannsee ;,
W
z
package CHNLL3I.AL.VOTER 15
L i
AL_CNMP_COUNT : array (1,.3, 1,.4) ot INTEGEP range 0,.s -4
1tz (1..3 5> (1,.4 2> 0)) - e,
AL.FLAG.COUNT ¢ array (1,,3, 1..4) of INTEG'R range =5,.> N
‘ 13 (1,,3 2> (1..4 2> 0)) 3 S
AL.FLAG.IN t array (1,.3, 1..4) ot bOO'EAN ;\
t3 (others => (others => TRUE)) 1
AL-COMP_OUT : array (1..3, 1..4) ot bLIOLEAN -
ts (others => (others 3> TRUE)) ;
>
MY_TURN i  BOULEAN 3 -
NUM_SENSORS t INTFGER ranqge 3..%4 := 4 -
NUM_VUTES t INTEGFR ranae 0,.4 3 0 ;
SETLNUM t INTEGER ranqge 1,.) s 1

type BNOL.VECTNR {s array (INTFGER ranae <>) ot RUNLEAN
type REALLVECTOR ls array (INTEGER rance <>) ot FLDAT :

procedure CHN_ALLFLAGSLIN(ALLFLAG ¢ {n BNOL.VECTOR ; SFT.NUM,
NUM_SENDUKRS ¢ in INIFGER)
procegqure VOTELALLSENSOKS(AL.SFNSORS ; {n REAL_VECTUR
SET.NUM, NUM_SENSORS : in INTEGER 7
AL.SFNSORLMED ¢ out FLOAT) 3
procedure CHK_FAULT.LOGIC(AL_SFNSORS: tn REAL_VECINR ;
ALLSENSOR_MED ¢t {n FLUAT ; SET.NUM, NUM_SENSNRS
in INTEGER ; ALLCOMP_VAL : out BOOLLVECTOR) 1

';‘f‘.' \' -’ -, i',l# t'.' s'.'-

!
'
3

.

N &S Y

end CHNLL3LAL_VOTER

e e e
& %

AAR BT

b a’s
L] "

Figure A-6 Package CHNL_3 AL VOTER (Sheet 1 of 4)
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package body CHNLLI_AL.VOTER s

oroceoure CHK_ALLFLAGOLIN(ALLFLAG ¢ in BOOL_VECTOk ; SET.nUM,
NUM_SENSORS : in INTEGER) 15
beayin
tor TNDEX in 1,.NUM_SENSORS
lo0p
case AL_FLAGLCNOUNT(SET.NUN, INDEX) |s
when 0 3> = Normal
it AL_FLAG({INDLX) = FALSE
then AL_FLAGLCOUNT(SET.NUM, INDEX) :x )
end (¢t 7
wnen 1,.5 s> = Faulted
1t AL_FLAG(INDEX) = FALSE
then AL_FLAGLCOUNT(SET.NYY, INDEX) 1=
ALFLAGLCOUNT(SETLNUN, INDEX) o 1;
1¢ ALLFLAGLCOUNT(SFT.NUM, INDEX) >= S

then ALLFLAGLIN(SET.NUM, INDFX) 1% FALSE ¢
ALLFLAGLCOUNT(SET.NUM, INDEX) :3 =] 3
end {t
else AL_FLAG.COUNT(SET.MUN, [NDFX) 12 0
end 1t ?
wnen =5,.-1 s> == Healina

1¢ ALLFLAG(INDEY) 3 TRUE

then AL_FLAGLCUUNT(SET.NUM, INDEX) :3
ALFLAGLCOUNT(SET.NUM, INDEX) = {
it AL_FLAGLCOUNT(SFT_NUN, INDEX) <= =5

tnen ALFLAGLIN(SET_NUM, INDEX) iz TRYUL ;
ALFLAGLCOUNT(SFTLNUM, INDEX) := 0
end {¢ 3
else AL.FLAGLCOUNT(SET.NUN, INDEX) HE T U |
end (¢ ?

ent case ;
end loop }
end CHX _AL_FLAGS_IN

Figure A-6 Package CHNL 3_AL_VOTER (Sheet 2 of 4)
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procegure® VOTL.AL_SENSORS(ALLSFNSORS : 1n REALLVECTUR 3 SETLHUM,
NUN_SFNSORS : §n INTEGER 1 ALLSFNSOR.¥ED : out FLOAT) ;s

: ATrayYy (1..4) Of INTEGLR renye O..4 := (0, 0, 0, 0 ;
: array (1..4) of FLOAT 313 (0,0, 0,0, 0,0, V,0)
: FLOAT := 0,0 ;

SET.RANKING

v
TFNP
beain
NUM_VOTIFS 13 NUM_SENSORS ;
tor INDFX in 1,,NUNM_SENSCRS
Locp
it ALLCNMP_NUT(SET.NUM, INDFX) = FALSF
then NUM_VUTES IE NUM_VQTES = 1
" else SET_RANKING(INDEX) = TNPEX
eng {t ¢
end joop
tor INDFX in 1, NUM_VNTFS
L00p
tor CHNL_NUM in INDEX,,.4
1o0pP
1f CHNL.NUNM 2 SFT.RANKINGICHNL_NUM)
tnen VUINDEX) 33 ALLSENSORS(CHNLLNUM) ¢
" exft ;
end (¢t 2
end loop
end loob ¢
case NUM_VOTES s
ahen 0 =
nuil @
when 1 3>
AL.SENSOR_MFD 3 V(1) g
when 2 3>
1t V(1) <= V(2)
then ALLSENSORL¥EN :3 V(1) g
else ALLSENSOR.MED :3 V(2) g
end it ¢
when 3 =5
184 (V(2) €= V(1) and v(1) <= V(3)) or
(V()) <= V(1) and V(1) <= V(1))
then ALLSFNSORLMED 1= V(1) !
elsit (V(1) <= V(2) and4 Vv(2) <= v(3)) or
(V()) <= V(2) and Vv(2) <= v(1))
then ALLSENSORLMED = V(2)

PP 4 4
Vi W

P
h ]

~
g
e

hY s

S "l .,

A4

P l.l'.l

e i T I A

"l

(. S

else AL_SENSOR.YED 12z V(3) ¢ A
enra (¢t § S
when 4 3> e
tor I in 1,,NUM_VOTES=1 o
1000 o
tor J In I+1,.NUV_VOTLS .
l100p :

1t V(T) >z V(J)
then TEMP =z V(I)
v(r) = v(J)
V(J) 33 TEMP
era (¢t
end loop
end looo 1
) AL.SENSORLNMFD 12 V(2) ;
end case
end VUOTELALLSENSNDHRS

W
. e e

Figure A-6 Package CHNL 3 AL VOTER (Sheet 3 of &) b
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procedure CHK_FAULT.LOGIC(AL.SENSORS: fn REAL_VECTOR ;
AL_SENSOR_MED t {n FLOAT ; SETLNUM, NUM_SgNSOWS 3
{n INTFGER ; ALLCUMP_VAL : out BOOL.VECTOKR) 18

AMPLLLIMIT 1 array (1..3) ot FLOAT
t= (1 %> 0,050, 2 3> 0,02%)

MAX_CT t constant Arrey (1,.3) of INTEGER := (S, 3, 4) ;
beain

for INDEX tn 3, ,NUM_SELMSORS

lo0p

1¢ SFT.NUN = )
trnen AMPL_LIMIT(3) 3= N0,02% AL_SENSOR.MED

end (¢t )
case AL COMP.CNUNT(SET.NUM, INDEX) (S
wnen 0 3> ee NOCPRal
1¢ B80S (AL_SENSORLMED = ALLSFNSURS{INUEX)) >=
AMPL_LIMIT(SETL_NUN)
then ALLCOMP.COUNT(SET_NUM, [NDEX) := 1
end (¢t
when 1,.% 3> e Fgquited
1t ADS(AL_SFNSORLMEDN « AL_SENSQRS(INDEX)) >s=
AMPLLLIMIT(SET.NUN)

then AL_COMP_CUNNT(SETLNUM, INDFX) :=
AL_COMP_COUNT(SETLNUM, INDEX) ¢ 1 :
it ALLCOMP_COUNTISFTI.NUM, INDEX) >z MAX_CT(SETNUNM)
then AL.COMP_OUT(SETLNUM, TNDEX) :s FALSE 3
AL.COMP COUNT(SET.NUM, INDEX) := 6 ¢

end 1t
else AL.COMPLCOUNT(SET.NUM, INDEX) t= 0 ; == Recovering
end {f !
when 6 => == Failea
null 3

end case ;
ALLCOMPLVAL(INDEX) = ALLCOMP_OUT(SETLNUM, INDEX) or
ALLFLAGLINCSETLNUM, INDEX) ;
end loop ;
endA CHK_FAULT.LOGIC

end CHNLLJ.ALLVOTER 1

Figure A-6 Package CHNL_3_ AL _VOTER (Sheet &4 of 4)
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Ada Proceagure CALC_A'110LAWD_ VS

$ uge ALNESOURCES

I use DFCOLLNGIC

7 use DrCS.KFONURCEY
J use VUTING.PLANES

witn Al PESGURCLS
witn ECSLLGLC
witn UFCS_RESUUNCES
with VOTINGLPLANFS

Se0arate(CNNTROLLLANS)
procedauvre CALCLAUTOLAMND.VY] ts

bvenin

case MNUELENG_ VI AUTPLAND s
wnen CATLLl } CATL2 | CATLIA 2>

1t INITIALIZE = FALSE

tren ALLPHASELY) 3 AHHIOLAND_INCY ;
ALLSENS_MENIAN(1) :3 FLOAT(AL.MEC.V3.LS.DeV)
ALLSFUS.MEDIAN(L) 33 PLUAT(ALMED VI, NaACCFL)Y 1
ALLSFAS YEDIAN(Y) 2 PLUATC(AL MED_ V), KAU_ALT)
ALLSFNS_MEDIANCG) 3 FLURTCILLMED VI, PaRATE,

AL_PHASFLV), AL_STEERING.CHD):
INTTTALLZE = TRUE ;
eng 1f }
RADLALT 32 FLOAT(ALLMFULY3I . RADLALT)

CALCLALLSTFERING(ALLSENS_MEQIAN, MOLFLENGLY S AUTOLAWD,

CRECKoSUB.MNLF (MUDELENGLV I AUTOLAND, RAD_ALT, AL.PRASE_VI) ¢

Al LSENS_MELIAN(Y) 33 FLOAT(AL.MNFDLVI,CSLDFY) ¢

ALLSENDLKFUIAN(2) i3 FLOAT(ALLMEULYI NJACCEL)

ALLSENSLMFOVAN(]) 3 FLOAT(AL_MFO.VI. RAD_ALT) ;

AL_SENS.NEUTAN(4) :3 FLOAT(IL.MFDLV3,P_RATL) 1

CALCAL.STEFRIWG(ALLSENS_MENIAN, WUDR_ENG.VI AUTULANU,

ALoPHASELV], ALLSTFeRING.CMD)
AUTOLANDCMD_ V] (2 PLTCH CUMMAND (ALLSTEERING.CMD)
wnen JFF 3>

1t INITIALLZE = TPUF

then AL.PHASELYY 3 AUTNLAND_INOP ;
ALLSFAS_MEDIAN(]) = FLUAT(AL_MEDR_VI,uS.NEY)
ALLSFuSPeDIANCZ) 15 FLUATCALMED Vs, NaACCFLY ¢
ALLSFENSAMEDIANC]I) 3 FLOUAT(ALMeNLVI RADLALTY
ALLSENSMEDIANCA) = FLUAT(ILLMED.VI,PoRATF,

CALCLALLSIEERING(ALLSENSLMEVIAN, MODFLENGLV 3. AUTOLAND,

ALLPHASE.V]), ALLSTEERING.CUD):
INITIALLIZE = FALOE
ena {ft
enct case '}
Chh e daACHK_NLM 1= 4
XKCHELSYNCHLS
end CALC.AUTOLANDLVS ;

Figure A~7 Procedure CALC_AUTOLAND V3
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y Package AL.KESNURCFS
; witn DFCSLIUGLC ; use DFCS-LOGIC ;
with OFCS_PESQURCES 17 use DFCS.NESDURCES ;

cacxage AL_HESNURCFS 1s
\ =~ Siqnal Shaping Fillter Coetticients
-« Fiiter 1 : Glidesiope Deviation Low-Pass

GS1aK, GSI.Kw)] : constant iz 1,0/8.V
GSO_KN1 1 constant (= 3.0/4.0 ;

e Fllter 2 : Normal Acceleration High-Pass
N2ZT X constant i3 90y ,u/Y¥01.0

1
- NZTILXN] : constant % =900,0/901,¢
NZO_ KMl 1 constant 1= 899,0/901.0

ee Filter 3 : Altjitude Accelerarion Low-Pass

H2N1 K, H2DI.KM] t constant :®  1,0/22.0 1
Yano.Kmt t constant 3 9,0/11,0
b = Filter 4 : Radio Altitude Hion=Pass -
L d
HloK t constant 3 20.,0/11.0 ]
. HIK»1 : constant ;% =20,0/11.0 ; ol
MO K¥1 t constant = 9,0/11,u ; ..
' = Fllter 5 : Glideslope Command Fader :}'
AGS1.K, AGSI.KM1 { constant = 1.0/6l.u ; NS
AGSO_KM} t constant 3 59,0/61.,0 ; v

X/

ee Filter 6 1 Command Rate Limiter
. RATELLINIT ¢ constant 3 J.0 ;
s Fillter 7 : Piten Rate Error Fader

PKFl.K, PHEI_KM] t constant := 1.0/% .V
PREGLKAML s constant := 29,0/31.0

.. ®e

== Filter ¥ § AlTitude Acceleration lntegrator

! H2DAT.K, H2DAT.AM] ¢ constart :x  1,0/720,0 ¢
' H20A0.KNM) : constant := 1.0 ¢

F Y " _a_ e u_a
)
Juﬂ{;' ﬁﬂf

»
+
Y
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== Gain >dCneduies

y

s Gligeslooe Oesentizetion Gain (60 to 1000 FT,)

KGS it constant =z 1,0/9400,0 ;

=« Flare Command Gatn (=20 to &0 FT,)

L
)

KFL : constant :s «6.0/v0,0 ;

s
L}
(]

Y
£

== Control Law Variadles

o

GSLEPK, GS_LRRLLP, GS.FRR_DS,

9

DEL.NZ, H.200T, H_.200T.AUG, H.200T.LP, -
WKA, HRALHP, H.DOT, Y
N.DOTL.GS, M.NOT_ReF, H_ULNT_AGS, H.DOT.CmMD1, N
W_DUT.CMD2, H.DUT.ERR, e
PH.C¥D, PR.CMD.LIN, PR_ERH : FLOAT 1 :.._::
'\-._\

Filter Memory VvVarlabdles 3.-\

OLN.GS-ERK, OLD_GS_ERR.LP, OLD.DFLLNZ, OLD.H.2DOT,
OLDL.H200T.LP, OLD_Ma2DP0T AUG, ULDLHLDOT.REF, OLD.HKA,

'
-

OLP_HKA_HP, OLD_M_PUT.AGS, ULD.PR.ERR, I
NLOH_OUT.CHuOL t FLOAT A
N
== fGltaeslope/Aytoland Progress ITrio Points RN
. G
ALT.REF_Y ! constent :3 200,60 ; o
ALTLREFL2 t constant :=® 150,0 ; ®
ALT.REFLD ! constant :z 100,0 ¢ A
ALT.REF.4 1 constant := 60,0 N
type SENSORLVECTOK 1s arrey (1..4) ot FLOAT ; 'Jl:\.l'
ALSENS_MEDLAN t SENSOR.VECTOR ¢ ;'JS.-
.I
AL.STELERING.CMD, PITCH.RATE, RAD.ALT t FLOAT : )
INTTIALLZE t BOOLFAN i3 FALSE ; L&
;o
pracegure CALCL.AL_STEERING(AT_SENSOR.MFDS : tn SFASUR_VECICK ; R
SeL.AL.MADF ¢ tn AL.CATEGORY ; MNDE_STATUS S
{n AL.PRAGRLSS ; PTITCh_AL.CMD : out FLDAT) ;
R
procegure ChECN_SUR_MONE(SFL.AL.MUDE : in ML.CATELOKY 1 A
RANLALT : {n FLOAT ; MODELSTATUS : L 2
tn out AL.PRNGRESS) :
procedure INTTIALIZE-FILTLRS ; e
procedure CALCULATELGLIUFSLOPE RNy
oroceaure CALCULATELFLARF 3 A
procegure FADLRLLIVMITER ¢ e
proceaure RESET.FILIFRS 1 ,:.J,:_
[N"
end AL.RESOURCES ; '.'
~
‘.‘I..
~ e
KON
S
AN
RNEN
®
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package nody AL_RESUURCES ts

orocPaur® CALCLAL_STEERING(ALLSENSON_MFDS : In SENSUR_VEC[Or
SELLAL_MNDE ¢ tn AL_CATELGORY ; MODF.STATUS : in AL_PRUGRESS 3
PITCHLAL.CHD : out FLOAT) ts

beain
GS.FRR t= AL_SENSOR.MEDS(1) ;
DEL.NZ 1z AL_SENSOR_MFDS(2) ;
HRA 1= AL_SENSNR_MEDS(3)
PITCHLMATF 2z AL_SENSOR_MEDS(4) :

case SEL.ALMUNE s

when CAT.2 | CATLIA 3>
1t MOUFLSTATIIS 8 AUTOLAND.INOP
then INLTIALIZE_FILTFRS
elslf WUDE.STATUS = FLARE
tnen CALTULATLLFLARE 3
else CALCULATELGLIDESLOPE 7
end it 3

when CATLl 3>
1t MOCF_STATIIS = AUTOALAND_INNP
then I[NITIALIZF_FILTERS 2
elSif YOPL.STATUS = GLIDESLOPL.TRACHK
rhen CALCULATe.GLIDESLOPF 1
elsif MODE.STATUS = DECISINNLALTITUDE
rhen FAUFRL_LIMITER
end 1t ;

when QOFF 2>
RESLTLFILTERS

end case

PITCH.ALLCYD 33 PR_ELRR }

end CALCLAL.STEERLNG ;

Figure A-8 Package AL RESOURCES (Sheet 3 of 6)
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orocegure CnFCK.SUB.MUDE(SFLLALLNODE : 1n AL.CATEGNRY ; RAD.ALT
tn FLOAT ; MODFLSTATUS : in out AL.PROGRESS) {s
heain oy
case SFL.AL_MODEL {s .
when CATL2 | CAT.IA =>
case MODE_STATUS ts
when AUTOLANDLINOP =z=>
MODE_STATUS := ANTOLANDLARMED 3
uhen AUTULANDLARMFD =>

MODE_STATUS :3 GLINESLOPFLTRACK B

enen GLIDESLUPE.TRACK => [,_

it SELAL_MODE = CATL2Z and then RAD_ALT <= ALT.hEFLZ _\’

b then MODE.STATUS := DFCISTON_ALTITUDE ; A
b elsif RAD_ALT €= ALT_KEF.) A
] then MUDE.STATUS := ALERT.ALTITUDE 7 e
end 1t ; e

} when DECISION_ALTITUGE | ALFKT_ALTITUDE => Ny
] 1t  KADZALT <= ALT.REF.4 e

! then MODF.STATUS := FLAKE :

- T

end {t ; -
ahen FLARE => ‘.:
N

k nylyi 3 ‘../-“
k end case } o
4 when CAT.) 3> DO,
b case MODE_STATUS s .‘-'
' when AUTOLAND.LINCP =) Ny

MODELSTATUS :2 GILIDESLOPE.TRACK
when GLIDFESLOPELTRACK =>
1t RADLALT <= ALT.PLF.4

ol
&

! then MOUF.STATUS := DECISIONALTITUDE }_'.
end {f ; N

when Others => RED.

‘ null o.'f

end case ) A4

when UFF 3> W

null 1
end case ;
end CHFCX_SUB.YODE ;

e

.
L

et

.
r

LA

a A NI
;bﬁ;V.'QJ
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o>,
S, ‘ proceaure TNITIALIZELFILTERS 1s g
oY hegin |
s ULDZDFL.NZ 3= DFL.NZ ¢ .
) He2hUT t= 0,0 ;
& ULD_H.2N0T 3= 0,0 ; s
Lol OLD.HRA 1= hRA ; N
v HRA_HP 1tz 0,0 3 "
" ULUHRALHP 1z 0.0 7 .
N end INITIALIZELFILTERS ;
~d
! praceaure CALCULATE_GLIDFSLOPE 1s 3
beain
GS-ERKLLP tz GSOAMLISULULCSLEKRLLP +
% GS1KM]#0LD.GS.ERR ¢+ GSI_K®GSL_ERR ; .
~ GS<ERK.DS 13 0,1%GS.ERR_LP 3 .
>, 1t HRA < 1000.0 -
e tnen GS_FRR.DS := (HKA=60,0)%KGS3GS_ERRLDS 3 .
- end 1t ; 4
. H_2U0T 1= NZO_KM1SULULHL2D0T » =
- NZLKM1$ULU.DELNZ + NZI_KSDELLNZ ; o
oLn.hELLNZ 1= DFLWNZ
w H_2U0T.LP $s H2DN-KM18OLD_H_200T.LP « .
- H2DT.XM18O0LD_H_2D0T + H201_KSH_2uNT ; .
: OLN-Ho2DOT tz H.2DOT -
» OLD_Hea200T_LP 1= HZ2DOT.LP .
1 HRALHP 1= HO_KMISOLN.HRALHP « -
RSy HI_XMISALD_HKA ¢ HI_K®HRA ; .
v OLD_HKA t= HPA } o]
OLD_MRA_HP ts HRALHP 3
o H_DOT tx Ho2DOT.LP ¢ HRALHP
: H_200T.AUG $z H.200T = GS.ERR.DS 3
~ H_DOT.REF t= H2OAO_KM}*QLULNDOTL.REF » o
~ H2DAT_KM18NLNLHL2D0TLAUG ¢ H2DAI.K®H-2DUT.AUG] kS,
G~ OLD_H.PUT_REF 1= H.DOT.REF 7 ~
') OLD.H.200T.AUG = H.200T_AUG 3 N
-, H.DUT.AGS 22 H.DOTLHFF = GS.ERR.DS ; i
e N DUT.CMDL 22 H.DOTLREF 3 v 1y
ALD.H.DOT.CMD] = H.DNT.CMD1 :
. H_DUT.CMD2 1tz «8,0 N
N H.NOT.ERR $= H.DOT.CMD1 + H_DOT.CMD2 = H.DOT ; N
.. PRC™D $z §,SYH.DOT_ERR ; .
" 1¢ abS(PR.CMD.LIM = PR.CMD) >3 RATE.LIMIT .
) tnen 1¢ PR.CHD > 0,0 h
" then PR_CMD.LTM 3= PR.CVDLLIM ¢ 0,3 : "
A else PR_CHDLIM ;x PR.CND.LIM = 0,3 ; i<
end 1t
- eise PR_.CMD.LIN = PR_CMD ¢
N and {t 3 N
- PHRoLRK ts PRLCMD_LIM = PITCH.RATE ? s
- end CALCULATF.GLIDESLOPE »
A‘-_ :.
' A
RN .
N N,
r;t Ny
A Ny
P'..\' ‘
L W3
B
v Figure A-8 Package AL_RESOURCES (Sheet 5 of 6) “
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orocedure® CALCULATELFLARF {5 ‘
begin )
H.200T t= NZQ_KM1%0LD_HL200T »
NZI.KM18OLD.DELLNZ ¢ NZI_KeDELLNZ ;
OLD.DELLNZ t= DFLLNZ @
H.20NT.LP 13 H2DN XM130LD_H.2DOT.LP <

H2DI.KM130LD.H.2D0T « H2DI_K®H.2DOT ;

end CALCULATELFLARE ?

OLN._H_200T tz H=2D0T 7
OLD_H-2DOT.LP = H-2DUT.LP 1}
HRA_MP 1= HOLKMISOLD.HHALHP « A
HT.KM19OLD_HRA + HI.XSHRA .
OLD_HRA 1z HRA .
OLD_HRA_HP 1= HPALHP 3 A
H.DOT t= Ha2POT.LP ¢ HRALHP ; o
H_DUT_CMD} t5 PREN_KM1SNLD_H.DOT.CMP1 ; == Faaer s
OLD.H.DUT.CMD1 1= H.DOT_CMD1 : ®
H_DUT_CMN2 tz (HRA + 20,0)®KFL ; s
H.DUT.ERR tz HoDOT.CMD1 ¢ H_DOT.CMR2 = H.DOT ; Ay
PR.CMD 1tz 0.9%H.DDT_ERK ; Ny
i¢ ahsS(PRLCHMDLLIM = PR_CMD) >z RATE.LIMIT ;z{
then {f ProC¥D > 0.0 "o,
‘ then PR.CMD.LTM := PR.CMDJLLIM ¢ 0.3 ; s
| else PH.CMULLIM 3= PR.CMD.LIM = 0,3 7 e
‘ end {f 1 Ll
else FPR_CMD_LIM := PR.CMD : [
l end 1t ; .
) PH_ERR 1= PRLCMD.LIM = PITCH.RATE ;

procequre FADERLLIMITER s .
beain .
PREN_KM130LOHLDUTLCHDL |3

H_DOT.CMD1 1=
OLD_H_DOT.CMDL :3 H_DOTLCML1
PRLCMD t= H.DOT.CMD1 T

1t abs(PRLCMDLLIM = PH.CMD) >= RATELLIVIT -

then it  PR.CMD > 0,0 NS
tnen PRLCMDLLIM g= PR.CMN.LIM + 0,3 ; X
else PRoCMD.LIN 33 PR.CMOLLIM < 0,3 ; -
i end 1t ; s
elte PR_CMD.LIM := PR.CMD :-(.
end {f ;
! PR_ERR 1z PR_CMD_LIM = PITCH_RATE ; ®
end FADER-LIMITER } R
Ll
procequre RESET_FILTERS i o
begin -:HJ
OLN.GS-ERR 1= 0,0 ; e
OLD_GS.ERR_LP = 0.0 : R
OLN_DELNZ 1z 0,0 ; v
ALDL.H.2D0OT 1= 0.0 ; [
OLN_H.200T.LP 1tz 0.0 ; v
NLD_M.2DNT_AUG 3= 0.0 ; Yy
PLD_H_DOT.REF = 0,0 ; gt
OLD_HRA 1= 0.0 § o
ALD_MKRA_HP tz 0,0 ; BN
OLD_H_DUT_CMD1 1z 0.0 ; W\
OLD.PRERR t= 0,0 ¢ L:'nf
end RESET_FILTERS ; °
b

.

end AL.RESOURCES ;

'; AR AN
BARANAAIN

4@
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Ada Procedure MARAGF_TL_LENSURS_VY o
etmccccrecctceamaceetmcscarenma—a >
- v
with CHMLLY.ILLVOTFR ; use CHNLOIJIL VOTFK b
with DFCE.LUGIC ; uSe DFCS.LULGIC : u
witn vOTINGLPLANFS ; use VOLINGLPLANFS t
y. separarte(UFCS_RESOUKCES) -
procequre MANAGELII.SENSDRS.VS 1s A7
g CE-STR=F! AGL, P_SIK_FLALS, ANA_FLAGS, i
. CP_STRLCIMP, PLSTK,CUMP, AVGLAOALCOMP : RUOLLvFCTUR(1,.4) ¢ S A
[, PoaRATEWFLAGS, PoRATLLCOMP ¢ BUDLLVECTUR(L,.3) 2 S
¥ TASFLAGS, TAS.CUMP ¢ BUOLLVFCTUR(1,.2) ; :H
Y CP_STRaSIGMNALS, P.STR.SIGNMALS, o
. AVG_AGA_S[AuALS ¢ REALLVFCTUR(1,.4) ¢ S
. P_RATELSTGMNALD 1 RPEALLVECTUR(1,,.3) 3 .
. TASLSIGNALS ¢ REALLVFCTGOR(1,.4) -
[- CP.STR.AED, P.STK_MEN, AVGLANA_MFD, RS
. P_RATL.AFD, TAS_MED : FLOAT e\
b £y
-
beain '
. i,
L tor IaleX (n 1..4 == Input Flag Type Corversion
. locp
: CPuOTRLETAGS(INCEX) 12 TLLFLAGS ,CPLSTKLVAL(INDEX)
P.SIKLFLAGS(IinDEX) := TLLFLAGS P_STA-VAL(INDEX) T
RGA_FLAGS(INDEYX) t= ILLFLAGS LFLAQA_VAL(INDEX) and .
ILLFLAGS .KTL.AGA_VAL(INDEX) QA
1f INDEX <= 3 tnen ‘
o P.RATELFLACS(INUFX) = TLL.FLAGS.P-KATELVAL(INDEX) e
& {: LNEFA <= 2 then o
. TASLFLAGS (INDEX) 32 TLLFLAGS.TASLVALCINUEX); Fe
'y end 1t ; G
S5 end 1t 3 ‘N
A end loog 7 ’s-
== lnput valldity Flag (hecks s
CHRECKOTLFT AGS(CP_STK.FLAGS, 1, 4) ; by
X CnbCF_TLLELAGSIPLSTAFLAGS, 2, 4) ; :
' ChECK _TL.FLARS(ADA_FLAGS, 3, &) ; \}
! FHFCK _ILLFLAGS(PLKALFFLAGS, &, 3) ; N
; CHECK TLFLAGS(TASLELAGS, 5, 2} ; ?#
-
tcr INDeX In 1..4 == sensor Sianal Tvee Ccnversion NS
loog £¢
» CP.STKLSTIGNALS(INDFL) $= FLOAT(CPLSTICKLCYD(INDFA)) '
PLSIK.SIANALS(INDEY) $2 FLOAT(P.STICKLCMOLINDEX)) 2
AVGLAUA_SIGNALS(INDEX) = ( LUAT(LEFTLAUR(INDEX))Y + N
FLOAT(RIGHTLAGA(INDEX)))/72.G ; S
1t INOFX <= 3 then S
N PoRATES [GMALSTINGEA) 32 FLOAT(P.FATESGYKO(INDEX)) O
B, 1¢ 1NUFX <= 2 tnen e
y TAS.SIGNALS(INDEX) $= PLOAT(THURLAIRSPEED(INDEX))Y .
' end 1t ; R
end {t ; >
end loap "
- -';‘
v “u
[] S
+ Kt
L™
', I‘--Q
Ca
) e
' b )
l‘
‘ Figure A-9 Procedure MANAGE IL_SENSORS V3 (Sheet 1 of 2) o
VLY
" \'.
o S
>
A=24
P A AR A AT A P A e PN R R T T I L. .. -
e N A N IR I A A AN A N A RS R N O




PN T A O A T O O O O O O e O O T O T O O R R Y o, a3 0 8.0 V.00 2" <L g e . ng ava ave «, " n . o ea ab
=3
:a
N
.:(.
S
. 3
' S
’
*
A
‘o
N
j\
"-
\
a¥
-- Median Sianal Sejectien N
’
VUTeodLaSENSORS(CP.STR.SIGNALS, 1, 4, CP.STK_MeD) ; H:‘
VUTLLILLSENSORS(PLSTK.SIGNALS, 2, 4, P_STK.MEL) ; DNy
VUTELIL.SENSOKS (AVG_AUALSIGHALS, 3, 4, AVGoADALMED)  ? oy
VOTEII.oSENSOKRS(P_RATE_SIUNALS, 4, 3, F-RATE.MLD) ; ey
VOTELILSENSOKS(TASLSLIGNALS, 5, 2, TAS_MED) ;‘J
-= Megian Select Lutputs .
] \"1
) TL_RFD_V).CP.STICK  := STICK.CMUCCP.STK.MED) ; N
! TL_KFD.¥3,P.STICK 1z STICRLCMUCP.STRLMED) N
{ TLoKFOoVI A0ADISEL 12 APALSTGNAL(AVOLAGALNED) e
TLoAFOoY) PLRATE 23 ANGLKALELSIGHAL(PLRATELMED) ; o
TL_MECaVI, THoAIRSPEED $= TAS_SIGLNALLTASLMED) ; %
1 == Comparator Logic Cnecxs 5'
Cd
b CHK FAULT.LOGIC(CPoUTKoSIGNALS, CP_STK.MED, 1, 4, CP_5TA-LCOWP) ; N
CRK_FAULT_LOGIC(P_STXK.SIGNALS, PLSTR_MED, 2, 4, P.STK.CUMP) Do
CnK o FAULT_LUGLIC(AVGoAUALSIANALS, AVG_AQALMED, 3, 4, AVGLAJACuMp) 7 Qy g
CRK FAULT_LCGIC(P_RATELSIGNALS, P-KATE.MED, 4, 3, PLRATE.COMP) ;
CHK_FAULT.LUGLC(TAS-SIGNALS, TAS.MED, S, 2, TASCUMP) \
P
for INPEX 1n 1,,.4 -e Comparator valiagfty Cutput [ 4
loo0g S
' TL.COMP_V 3, CP.STK_VAL(TNPEX) t= CP_STK.COMP(INDFX) ? o
t TLLCOMP_V)I,P.STK.VALULINDEK)  := P.STK.CONP(INDeX) ; e
IL.COMP.V3 , AVG_AOALVALTINDEX) t= AVG_ACA_COMP(INDEX) ; -
ft INDEX <3 3 tnen o
TL.COMP_V3I . F_RATF_VAL(INDEX) t= P.RATE.COMP(INDFX) ; -
1¢  IMDFX <= 2 then Tl
TLLCNMP.YV 3, TASLVALCLHDFR) t= TASZCONP(INDEX) ; »
' end it ; &0
, end 1t ; )
) end loop <o
) R
CraNUL3aACnENUM 2 5 ; «s NoVersionr Voting -_.'_:
YCHKZSYNCHL3 Y
I end MANAGELILLSENSORSLV] ; Ny
| . &
L)
l 4 \“\
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packate CHALL3ITLLVOTEK

’

0aCKaGP CntiLa3-ILLVUTER 1S

NUY _SeNOUKS ¢ INTEGeR rdnge 2,,4 1= 2 3
Mum _ VuTeS ¢t INTEGER range 0,,4 = 0 -
SeTMUM ¢ INTEGER range 1,,5 1= 1 ? N
o
tyoe BNCL_VECTOR 1s array (INTEGELR range <>) ot olulLbAN ; o
tyre nFAL_VECTOR is array (INTEGER range <>) of tLudl ; At
L]
TLoCNMPLCONNT @ arrav (1..5, l..4) of INTeGEP ranye 0..17 ;-,1
13 (others => (otners => vV)) ; N
TLob LAGLCUUNT 2 Artay (1..5, l..4) of INTEGLR ranye =5,.5 ?-q
1= Lothers 3> (otners => U)) ; ;Jﬂ
TLoFLAGLIN : array (1..%, 1..4) of BUOLEAN
s (otrers 2> (otners => [RuF)}) 7 S 4
TLaCOMPOUT : array (1..5, 1..4) of BUOLEAN S
:z (others => (otners => [RUE)) ? .'1

precegure CHECK TL b LARS(ILLFLAGS ¢ o
HiiMoSENSURS
procesaure VOTELIL.SENOSNRS(TLLOFNSORS

BOUL.VECTOR ; SET.NUM,
in INTEGER)
1n REALLVECTUR 5 ScTaNu¥,
NUM_SENSCHRS ¢ In INJEGFK IL_SENSORL4ED : out FLGAT)
proceaure CH¥ FAULTLLOGIC(IL.SENSORS 1N REALLVECTOR ; ILoSENSURMLD
in FLOAT ; SET.NUM, NUM_SENSORS ¢ in INTEGEK ;
TL.COMP_VAL $ out BUOLLVECTUR)

o % ee e 3

end CHYLaldallaVOTER 3

« v v e =

STy
o, L 4 'y

P XN

-1 ¥ ® ¢ 0
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A rackage hody CHNLL.ILTLLVNTFR i >
>, »
Cd ,
t : preceaure CHFCK_TL_PLAGSCILLFLAGLS ¢t 1n BNOLLVECTOR ; SET.NUM, o
NIM_SENSGRS : in INTEGLR) 1is
'
reajn
for TiNeX in 1, PUM_SENSNKRS
7 leop ‘:
" case IL_FLAGLCNUNT(SFT_NUM, INDEX) 1S -:
'’ wnen U 3> == Normai X
1t IL_FLAGS(INDEA) = FALSF K
d then TL.FLAGLCOUNT(SETNUM, INDEX) :3 | ; X
end f 3 .
wnen 1,.5 => e taylieq -
. 1¢ IL.FLAGS(INUFX) = FALSE
F? then TL.FLAGLCUUNT(SET.NUN, [MUEX) := :
ind ILFLAG_COUNT(SET.NUM, INDEX) ¢ 1 3 R
=, 1t I FLAG.COUNT(SFT.NUN, INDEX) >= 8 y
N tnen IL_FLAG_IN(SET.NUM, LNUEX) := FALSE ; p
e IL_FLAG.COUNT(SET_NUM, INDEX) = =1 ; -
';‘ end it ; -
}J else TL_fLAGLCUUNT(SETLNUM, INDEX) 3 v ; .
end (¢ ¢
\ wnen =%5,,-1 => == Healiry -
' 1t IL.FLAGO(INLFX) = TRUE 1
Vs then TL_FLAG.CONNT(SET.NMUN, INDEX) 3= )
>, T1L_FLAGLCUUNT(SET.NUM, INDEX) =1 ; ‘
Eﬂ 1z ILaFLAGLCOUNT (SETLNUM, INDLYX) <2 =5
2y tnen ILoFLAGLIN(SET.NUM, INDEX) :3 TRUF o
] IL_FLAGLCOUNT(SET.NIN, INDEX) :2 0 3 .
end it ; ¢
else TL.FLAGLCUUNT(SET.NUM, INDEX) := = 1 ;
erd {f ¢ J
. rnd Case ; :
F\- end loop ; .
-~ .
~ end CnFCr_TLLtLAGS ; .
r‘ "
N
¢
X -
\l
LY e
H& Q
(2% o
» b
" :
a J
U .
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n.', .
»y .
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procedure VYUTELLIL_SENSNRS{TL_oFaSURS : 1n REALLVECTUR ; SceToNuM,
NUM_SENSOKRS ¢ In INTEGFR ; IL.SENSOR_MEU : out FLUAT) 1s

SETLPANKING ; arrav (1,.4) of INTEGER range 0,.4 := (v, 0, v, 0} ;
v : arrav (1,.4) of FLNAT := (0,0, 0.V, 0.0, v.u)
TP ¢ FLNAT =2 ¢,0 2

heain

NUM_VUTES $3 NUM_SFNSONS ;
torTuleX 1n |, NUM_SENSORS ~= Wnich Sensors Vouting
loop
it [LCUMPLUUT(SFILNUM, TINOLX) = FALSE
trer NUMLVNTES 3 NUmMLVOTES = 1 ;
rlse SELRANKING(INDFX) := [NDEX ;
end 1t ;
snd loop ;
for IalRY in 1,,NUM_VOUTES == whlCh VAlues Voting
loop
for “nNLL.NUM in TINDEY, .4
loop
it CHNLLNUM = SETRANRING(CrNLLNUM)
then V(INVDEX) 2 JL.SENSORS(CnNLanUM)
exit ;
end (¢ 3
end looap ;
end lcap 3
case NI'M_VOTFS LS == Sensor Signal Joting
wnen 0 =>
null ;
wsnen 1 3>
TLaSEMSORLMED 2 V1) 3
wnen 2 z>
1t V(1Y €3 V(2)
trien IT_SENSOKR.MED z V(1)
else IL._SENSDR_MED i3 V(2)
end it 3
woen 3 | 4 2>
tor I In 1, NUM_VOTLS=~1

~ we

loop
for J (n lel, ,NUV_VQOTES
loap
] it V(I) > vy
, then JEMP 33 V(1)
y V(L) s v(g) 3
’ V(J) 2 TEMP 3
end it ;

end loog ;
. ena loco
ILLSENSCRLMFD 2 V(2) ;
ani case ;

end VUTLLLT _SENSNRS ¢

Figure A-10 Package CHNL_3 IL VOTER (Sheet 3 of 4)
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Sme o e o

s o

prracesure® CuRK_FAULT.LURIC(IL_SFNSURS : 1n REALLVECTUR ¢ TL.SENSUR.™LD :
{tn rLOAT ; SET.NI'M, NUM_SENSOKS ¢ in IN[EGFR
T1L.CPMP_VAL @ oyt RUOLLVFCTUR) (S

ArPLLIMIT ¢ constant array (l..5) of FLOAT
313 ( Gody Go2, 1,25, leu, 10.0) 2

»ax,CT t constant arrey (1.,.5) of INTLGER
H

z (6, v, 8, v, 10)
reain

tor INCEX {n 1,,SeToNUM
loop
case LlLL.CUMF_CNUNT(SFTLNUM, INDEX) is
wren U => == Norma.
1t abS (JL_SENSOKMFU = L1L_SeENSORS(INDEX)) >3
AMPL_LIMIT(SET.NUN)

then [L.CUMPLCOUNT(SET.NIIM, INDEX) := 1 ¢ .
end {¢ ; "
wnen l.,10 => == bagylteu

1t abS{IL_SENSORLMED = [L_SENSORS(INDEX)) >=
AMPLLLIMIT(SET.NUM) -

then IL.COMP.CRUNT(SET.NUM, INDEX) := Y
ILoCOMP.COUNTISFT NlIN, THLDEX) o 1 .
1t TLaCORP_CUlINT(SET.NUM, INUEX) >z MAACT(SETaNUM] > |
then IL.COMP_NUT(SET.NuM, INDEX) = FALSL T

TLCOMP_COUIINT (SET.NUH, [NDEX) 3= 17 ¢ T
era (£ 2 .
elSe IL_CUMPLCOUNT(SEIL_NYN, INDEX) := O ¢ e Recoveriny e
snd {t ; R
when 17 => o= Faileg .
null ; £
end case ; ]
TL_COMP_VAL(INDEX) =z TL.COMP_OUT(SET.NUM, INDEX) or -
ILaPLAGLIN(SETNUM, INDEX) ; »
end loop ,s
‘I
end Cnk_ FALTLLOAIC 3 K
A
end CnNlLoja) aVUTER -
)
A
-
s
i
1 1
.
.;.:.
o
.(:

.'-.‘

Figure A-10 Package CHNL_3_IL VOTER (Sheet 4 of 4)
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Add procedyre CALCLINNERLILOPY]

witn DFCSLLLGLC s use DECSLLOGIC
witn OFCS_RESUUKCES 1 use DFCS.RESOURCES ;
with JL_PESW'KCES s use IL.KESOURCES 7
witn vOTINGLPLANES :+ use VOTING_FPLANES
sccaratelCNNTEOL_LAAS)

procedur® CALCAINNFK.LNOP.V] 1s

type SCHELULE s (HIGn, “1D, LOw)

PLS1ICH _MED, CPLSTTCK_VEN, TNT.LOTICK,
P_RATE.MFD, AVGLACALMED, ANALHP,
TAS.VED, DELLTAS,

K.SLICK, KoALPHA, K.PorATE,

TL_STAB_CMD, OL-SIAo-CMU, TINT_oTABLCMD : FLOAT ;

Sckcl ¢ SCHEDULe 3

TASLVALLIDITY : RQOLEAN

reair

FLOAT(TLMFU_VI,P.STICK)
FLOAT(ILamED_ V3, CPaSTICK)
FLOAT(TLLMED.VI,PRATE) ¢
FLOAT(TLLMEL_V3,AQALDLSPL)
FLOAT(ILLMFU.V3,TRAIKSPEED) ;
TLLCONP_V3, TASLVALCL]) and
TLLCNMPLVI, TASLVAL(2) 3

B_STICK_MED
CP_oTICK.MED
P_RATLLMEL
AVG_AUA MED
TASSMED
TASLVALLDITY

0w oMo uou

as 4e es et A% es

1t TASSVALIVITY = ThUt .-
tnen 1t TAS_MEL >= 450,0
then SPLEV := HIGH 3
elstit TASLMEV <= 100,0
then SPEFD i LuW
else SPeEL i M(D
end it ;
else SPEEL := HIGH
end 1t
case SPEFD LS
when LUw =>
RoSTICK
KLALPHA
Kol KATE
when MID =>
CFL.TAS
naSTICK
KaALPHA
KaPLHATE
when H1IGa 3>
KoSTICK 33
KLALPHA 123
ARaPLHATE :3
end case ;

P2
15
2

o o am
[ LU 1}

c o

TASOMFLU = 100.0 ¢

0.59 = DELLTAS ® DEL_X.S1IC
0,05 = DEL.TaS ® DEL_K_ALPH
0,10 = NEL_TAS ® DEL_K.P.RA

e se o4 ea

ol
0% ¢
.l

.
.

[- W=y}

= conversiors

vain Scheauliny

L
A
Te ¢

.
B
.
;

Figure A-11 Procedure CALC_INNER LOOP_V3 (Sheet 1 of 2)
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1t abs (PLOTICK MFL) < S = Stick Blendiry

z 0N .
tnan PoSTICK_MFD 3= 0,0 : A
end 1t ; ot
1t abs (CP_STICK_MER) <= 0,09 O
trnen CP.STIUK_MLD 1= 0,0 ¢ et
end 1t ; N
TLTOSTICK 12 P.STICA_MFU + CP.STICK.MLD ; -
1t  abs(TNT.STICK) > 12,5 ®
tnen if  TCT_S1ICK > 1.0 o
tnen TuT_S1TCh 1= 12.5 ; K,
else TOT_STICK := =12,5 ; o7
end {f 3 .'\f
end tt ; -';\::
I’\.P
it nat LN[TIALIZFL e Alpnd niygh=Pass IS
tnen ULDLAVG_ANALNMFD 3 AVG_AGA_MED 7 ®
wlLeAQALAP iz 0,0 Vo
ond 1t ; ot

AUALNP 12 AUALI_R®AVGLAOALMED ¢ ADAT.KMISNLD_AVG_AUA_“eD
e ADAQD.KM180LDLAUA_HY ;

Y
Y

= Inner Loop (ontroi

TL_STABLCMD :3 P_KATF_MED ® K_P_RATE + ADAnP & K_ALPné =

TOTLSTICh ® K.STICK ¢ o
l' X
1¢ MADEENGLYILAUTCPTILONT = AUTOLAND == Quter Loop Summing o
then GLoSTABLCMD 3= = 0,35 # FLUATCAUTOLAND.CHMD.V3) 3 o
slse OL.STAB.CMD iz 0,0 : o
end 1t ; o
TUT_STAB.CMU := TL_STARL.CMD ¢ NL.STAB.CMD ; .jx
1t TOT.STAB.CMD > 1,0 AN

tnen TOT.STAB.CMD = 1,0 3

elsif TOT.STAB.CMD < =8,0

tnen TOT.STAB.CMD 32 =b,0 ;

end (¢t ;

STABLSERVOLCMDLYI 2= STAB_CUMMAND(TOT.STAUdLCYD)Y == QOytput

ChNLalaXCHKLNUN 2= 6 ;
XCHRLOYNCRLD 3

end CALCLINNFRLLNOPLVY 3

Figure A-11 Procedure CALC_INNER LOOP V3 (Sheet 2 of 2)
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EAERC IO AT AN

VARY

cacrkage

Packaage IL_RESQURCELS

O g O
TL-RFS0UPCES is

NeloKaST1CK
PeLo¥ALPHA
NPELK _B_NATE

-a Anale=pnt=AtLACK

AQA LK

AQALLKVY

AQA0LnNM]
CLPOAVERQAMED,

TLILTALLZED

end TL.RToNUPRCES

IR

~onstant FLUAT ¢
corstanrt FLGAT 3
rorstant FLUAT @

Kiahe=pPAass F11¢C

: constant

: constdnt

¢ constant
UlL.UaANALAP :

= 0,47350,0
= 0,1/7350,0 ;
= 0,1/7350,0

er Coefticlerts

= HNULL/ZBEN] Y
= -8000‘4/60‘.\1
t= 7% ,0/0ni.0

Figure A-12 Package IL_RESOURCES
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esacecscancemevea

witn CHANMNELLKESTIURCES ; use CHaMNELURFSOURCES ;
“with VOTINGLPLAMES ; use YNTINCLPLANES
SeOalatel{OFCSLLUGIT)

nrocegure A5SESSLOYSTEM.V]I 1S

CPoS>TKoCT,P_STK.CT,ANALCT,

CWPTR_CT : INTEGER ranmge ..\ H
P_RATELCT ¢ INTEGER rangye n,,J ]
TAS.CT : INTLGER range N..¢ H
CuaON : ROOLEAN 1= FALSE

benain
it CHNLLSTATNSav) = Trllg e= Cregx LrU Status
tnen CMPTRCT 5 |
end 1t ;

it CHULL.S1ATUSLY2 = Trilp

tren CUMPTHRLCT =z CHMpTroCT ¢ t
end g ;

1¢ CHNLLSTATNS VY = ThHilg

tnen LYPTHLCT =2 CMPTRLCT « 1
e 1t 3

it CHNL_STATUS.Yd = ThltL

tner CMPTRLCT 5 CMPTRLCT « 1t
end {t ;

¢or INDEX in 1,.4
loop

1t TLCIMP_ VI CPLSTH _VAL(INDEX)

ther CPLSTKLCT :3 CP.STK.CT + 1

era {f ¢

it TLoCNEPLVI  PLOTRLVALINDFX) = TRLUE

then PLSTKLCT 13 PLOTKLCT ¢ 1

eng {*

[%4 ILCOMP_V3 LFLAUA_VAI (ILDEX) = TRUE ano
TLoCAMP_V 3 RTLAOA_VAL(INDEX) = TRUF

TRUF

then AQACT 1z ANALLTY « 13
era {t
[ %4 INPEX <= 3 anu then

TLCOMP_V] PRATELVAI (INCEX) = TRUF
then P_RATELLT :3 rokATFRLCT » 1

eng [t
1¢ ITnHDEX €= 2 aro then
TLaCNMP V3 TASLYALUINUFX) s TRUE
then TASLCT 1tz [ASLCT 1 3
erd 1t !

endg loop ¢

Figure A-13 Procedure ASSESS_SYSTEM V3 (Sheet 1 of 2)
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1 caRATELCT 32 3 ana  TAS.CT = 2 e="neck FhLw STatus A
then LOLON = FALOF ."-.‘.
Le AGCALCT = & ana CMPIRLCT = 4 and N
(CPLSTRLCT = 4 or else B_STK.CT = 4 or e,.se oy

(CP_STK.CT 23 3 and  P.STALCT >3 3))
then FBW.STATUSLVY :3 Cr.iTATE.l
elsit AOALCT 2 3 anu CmPIR_CT > 3 dnd

,.
L

(P_STF.CT >3 3 or else CP.STK.CT >3 3 or else WS

(P.SIKLCT >3 2 ana CP.STKLCT »32)) Y

chen FRa_STATUSLY] :3 NP_STATewd : NN
elslt ANA.CT >3 3 and (CMPTR.LCT = 3 ang A
(P_STR.CT >= 3 or else CP.STK.CT >= 4 or else \:;

(P.STV¥_CT »= 2 ana Cp.STACT 332)) >

then rRwoSTATUS_VS :3 OF_oTATE.2 ; [
elsit ADA_CT >3 ) and C(YPTw_CT >= 3 an9 )
((PaSTK.CT =2 3 4na CP.STK.CT <= 1) or elye LA
(CPaSTKLCT = 3 ana PLSTK_CT <= 1} or else

(P.STX.CT = 2 ang  CPLOTRLCT =2)) o

then FRa_STATUSL.V] 2 OP.STATE.2 ; ;-_}
else GOLCN ;= TRUE S
end (¢t ; AT

else LOLON ;= TRVE »
end {t v, w
1¢ NaOn = TRUFK L
tnen ! (AUALCT 2 2 and C¥ETraCT >z ¢ and :x~
: (P.STFLCT > 2 or CP.STK.CT >s 2)) or \t:.-
(AUAL.CT >2 2 ana CMPTR_CT = 2 and e,

(PLSTKLAT 22 2 or CP.OTKLCT >= 4)) or f?'

(AUALCT >= 2 ang CHMPTRLCT >= 2 and “H'

((PSTA.CT = 2 ang ther CP.STKLCT <= 1) or
. (P_STK.CT <= |  and then CP.STK.CT 3 4)))

‘:. v

then tRa STATUS.VY 2 APLoTATELD AN
els® FRAOTATUSLVI !x OP.STATE.4 ; -:\¢
end it '.\:

end 1t 3 o
..\"

case FBw_STATUSL.V] 1S ee Check Flying wudllty :r\::
wnen UPLSTATELL | NPLSTATELZ 3> A

FLYLQUALLVY = MNURPMAL ;
wnen UPLSTAIFR.Y | JP.STATE .4 =>
it P.KRATELCT >= 2 and MALCT >3 2 ang
1A5-CT 2 2 ana (P.STR.CT 22 2 or CraaThalT >3 )
then FLYLQUALLV] i3 MORmAL ;
elsit (PLRATE.CT «3 1 or TASLCT <= 1) and
ANALCT >= 2 ana  (P_STK.CT >s 2 or (P.SIK.Cui 22 2)
tnen rLIQUALLVI i3 DECRALFD ;
elstit P.NATF.CT > 2 anma AQA.CT <= 1  ana
(P.STK.CT >8 2 or (P.STKCT >= 2)
then FLYLUUALLYI 3 MARLINAL ¢
else FLYLWUALLV) i3 UnFLYABLE ¢
ena (it
end cdase ;

ks

ChVLLI=ACHK_NUM t2 7 ; Q':

XCHKSYNTHLS P
°

enAd ASSESHLSYSTEY VI Ly

.

oY

T

..’l.

e

"r.:'-

Figure A-13 Procedure ASSESS_SYSTEM V3 (Sheet 2 of 2) L
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LUEL LN O LREN L0

AuA ProcrUure GiVeomAKNINGLL )

LR L L R L T T

wi%n yOTINGLPLANFS 3 use VGTLIHGPIAYES 3
with wAKNING.CHLKS : use WARNING_CHFCKS H
Senqgrarte(ufFCRLLOGL1C)

procecure GIVELWARNING_ VY (s

oeain

case FLASK_WARNING.V] 1
wnen CFE =>

it AL_wAKN_V] €z CATL2.1NQP
thren wWaPHN_ VI, AJTCLAND 2 AL.WARN_V]Y == wew Faylt
NUM_FAULTS ts ) 3 -
FLASH_WARNINGLV ] t3 BLINRING Ta
era ¢ [
Case FbW_SIATHS.VY g AT
wnen UP.STAlEL! 3> g
nyll ; f*f
wnen UP.STATF.2 => (\,
WARNL/I.FLY_PYaalkE = UP.STATEL2 ; o= nee Faull ™

FLASH_WARNING_ V]
NUMLFAULTS

wnen GP.STATF.Y =>
WARN_ VI, FLYLRY_aTKE
FLASHLWARNING.V]
NUMLFANLLTYS

wnen OP.STAIF.4 =>
WAPh VI, FLYLRY . .nIKF

BLIMKING
INTFGFRSUCC(NYYLTAULTS) ¢

A
54,

CP.STATELY == NEw FPaAUILL
BLINKTNG
INTFUFK/SUCC(NUMFAULTS)

W,

e oo se
LU TR 1]
-

*

OP.STA[F 4 ; == new Fault

FLASH_oWARNING V) 12 BLINRING ;
MUMLFANLTS t= INTEGFRSUCC(NUM_FAULTS) @
€erl1 case
1t FLYLQUALLV] <= DEGRADED
ther WAPNLYVI FLYINGLGUAL := [MPAIReD_Fu ; e yrhw raglt
NUMLFAULTS $3 INTEGFR SUCC(NUM_FAULTY) ¢
FLASH_WARNINGLYV ) t3 BLINNING

ena {t 3
wnen BLINKING =>
1t ACKNCalEnyF
then FLASH_WARNING.V) t= STEADY : == Fault(s) Noteg
ena (¢t
LPLUATFLSTATUSCAL_WARNL_Y), FRm_STATUS. VS, FLY.OUALLY],
WARN_V,y, FLASH_WARNING_V3) ¢

wnen STLADY =>
VPUATE _STATUS(AL_WARN_V3, rBw STATUSLVI, FLY_CuAL.YV],
wAKNLV S, FLASH_WARNING_V]I) ;

P
R A
s

end Cdse ;

o

CNLLJaACHK_MUM 2 § ;
XCHR LS5 N L) == (811 for Nevergion Vote

[ ]

-~
®

ane GIVEwARNING_YY

Tt e
PR .
ale,

e r
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Figure A-14 Procedure GIVE WARNING V3
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o .'/': .;..' RN

v1tn DOFC

on4 wAPN

SaLleGIC ¢

NUMLFAULTS

PackAayms @wARNING.CHFCKS

LEE TR L L L L L T

use ULFCSaLOGLC
nackaye WARNINGLCHFCKS 1s

t INTEGER range 0,.3 :1= 0 ;

nroceqgure UPDATLLOTATUS(AL.wARMNLVIZ tn AT _SIATLYS:

tn PRILFCS.STATUS? FLYLQUALLYYI: (n FL3UNGLILALIITES;

WARNLYV YL Lr out WARNINC.STATF ; FLAGH_ waRTLG_ Vs
OUt MaS[tmawlhkh)

INGLCHECKS

.
’

pacxkage body wWARNINGLCHECKS {s

oroceant
reain
it
ther
elstt

Lthen

enc 4
it

then

elsit

els!t

trer

FowoSiAlLoav:

e UPPATE_STATUS(ALLwARNLVI: In AL_STATUS; Fbw_S1A[Uo.v3: .n
PHILFCSLSTATUS; FPLY_OUALLVY: 1n FLYINGLQUALITIFS:

LTI R

1n out WARNINGLSTATE } FLASH.wAKNINGLVY: out MASTELR_WARN) ;s

WARNM_VI (AUTULAND = FPFLANK and tnen
ALonARN_V] <€z CAT.2.1NUP
FLAGH_WARKNINGLV ] $x BLINRING 3 ee NPw FraJll
NUYL_FAULTS tx INTFGFRPSUCCINUM_FAULTS)Y

wtRN_ VI ANTPLAND <€z CAT_ 4 INUP  anu ther
Alawhbh V] s PBLANM
WARNLY I AUTULAND 't bLANK . = In® Faull Mea, ey
VYN FALLTS 13 INTECFRPRED(NUM_FAULTS)

te NIMLFILLTS 2 g
tnen PLASHLSAKNING_VY =3 UFF == Al]l raylts Heajleg
end 1t ;

t

AARNLVI FLY.BY wIRE
Fow,.S1ATUSLY3

WABNL_ VY FLY_AY. wIKF
FLASH WARNING_V]

NUBLFAULTS

abRN_ V] FLy bY WIRL
Fow S1aTUSov]
Lhen aaft V3 FLY_RY wlkF
FLASHM maARNINGLY]

MUY LFATLTS

ABRN LV FLiaoYow, RE
Foa STRATUSLY)
WAON VI FLYRY alnF
FLALHAWAPRT . (GaV]

YUY LFAULTS

Figure A-15

blLANK  and tnen
UPLSTATIFL?

UPLSTATE_2

Bl INKTNG 3
INTEGFR*SUCC(NUMFAULTS)
UP.STATE.2 and then
OPLSTATF.3

UPLSTATE.]Y

bLINATING
INTEGFRPOUCC(NLMLFALLTO)
QP_.STATF_.) ang then
UP.STATE_4

UPLSTATF 4

BLIMKTHLG ¢

INTFGEK "SUCC(NUM_FAULTS)

MW se e e N
PR

"o umn
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elsit wPkNVI, FLY_BY_WIRE <= OP_STALTE.2
thner case FRA.STATUS.V] 1S
wren UP_STATE.L 2>

wAHNLVIFLY_BYLWIRE 1= BLANK == One Fault Healey
NUMLFAULTS 1= INTEGER’PRFD(NUMFAULTS) ;

it MUM_FAULTS z 0

then FLASHWARNINGAV3 := OFF ¢ == Alj Faults Healea
end {f 7

when CPLSTATE.L2 =>
it WARN_VI . FLYLRYLWIRE = UP_STATF_.]
then 4ARN_VI,FLY_RY.WIRE t= OP.STATE_.2
eny tt
IR4 WARNLVI.FLY_BY_wIRF = UP_STATF.4
then WARN_VI.FLY_BY_wIRE = UP.STATE_.2
ena Lt ¢

when UP_STATE_3 =>
it WARNLVI FLY_RYLWIRF = OP.S1ATF_]
then WARN_V3 FLY_RY_wIRE !5 OP_STATE.]

~e

.

ena (¢t
wnen UP_STATE.4 32>
rull ¢
end case ?
efra 1t !
1f WARN_VI FLYINGLWUAL = blaNk and tnen
FLY-OUALLVI <= UFEGRADED
cmen FLASH_WARNINGLV] 1= BLINAING = Nfyp PaAUlL
MUMLFAULTS :3 INTECFR®SUCC(NUM_FAULTS) ¢
elsit aMRN.VI, FLYING.QUAL <= IMPALRED_FQ aNa then
FLYQUALALY]Y =  NORMAL
thern WARN.VI, FLYINGLQUAL 33 bLANK == (e Fgult Healea
MUV _FAULTS 1= INTEGEH PRED(NUM_FAULTS)
1 NI'M.FAULTS = 0
trnen PLASHOWAKNINL_V]Y 3 UFF ; o= Al)l Faulls Healieo
end 1t
era (¢ ¢

end UPMPATELSTATUS

end WAk INGLCHECKS ;
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